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I, 

ON THE TRIPLE EXPANSIVE ENGINES OF THE STEAMSHIP 

ABERDEEN. 

By A. C. Kirk, Esq., Member of Council, 

[Read at the twenty-third session of the Institution of Naval Architects, 29th March, 
1882; the Bi^ht Hon. the Earl of Ravenswobth, president, in the chair.] 



Economy of coal in our steamships is a point of so great importance, 
that any step in this direction is worth chronicling. Steamships are 
now making long voyages, and at high rates of speed, which, till within 
a few years ago, were made by sailing ships. To accomplish these 
profitably, economy of coal is all-important. Every ton of coal saved 
means a ton of freight earned, and in many trades every stoppage to 
coal is a loss of time, besides the exorbitant rates for coal charged at 
these ports. Coal-saving, too, is equally important for high-speed 
steamers, as, unless their voyage is only one of the shortest duration, 
coal becomes the greatest weight the ship is burdened with. 

The obvious direction in which to look for saving is increase of press- 
ure. Unfortunately, as we get higher in pressure, we do not by any 
means gain in eflSciency in anything like a proportionate degree, and 
the time must come, may indeed not be far away, when further increase 
of pressure will not pay. This time has not come yet. 

When James Watt utilized the lower pressures, from 16 pounds 
downwards, he unquestionably had at his disposal the most prolific 
portion. Pressure gradually rose — I am speaking now more particu- 
larly of the marine engine — to 30 pounds, and sometimes 40 pounds, 
but, used as the steam was, in one cylinder, exhausting direct to the 
condenser, little additional economy was gained by this increase of 
pressure. The variation in temperature, over 300 degrees in the cylin- 
der, was too great ; steam was condense<l at the commencement of the 
stroke, when it had its- full work before it, and re-evaporated towards 
the end, when it had little left to do but go straight to the condenser. 
Steam-jackets ameliorated this action, but besides the difficulty of get- 
ting them attended to at sea, they effected their purpose imperfectly 
and at a very considerable sacrifice of steam. 

The next step was to divide the work between two cylinders, effect- 
ing part of the expansion of the steam first in one cylinder and com. 
pleting it in a second, thus limiting the range of expansion and of tem- 
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peraturiB in each cylinder. Several incidental advantages accompanied 
this change which we need not advert to here. A marked economy 
followed this improvement, and when a pressure of 60 poands per 
sqnare inch was reached, the economy over the older form was very 
marked ; in round nambers, only about half the coal was required. 

For six or seven years the pressure in use remained, for the most 
part, at 60 pounds, but of later years a gradual and steady increase 
of the working pressure of steam in our steamships has taken place, 
100 pounds being now not uncommon. So far, however, as the imper- 
fect data obtainable of steamship performances at sea show, the increase 
in economy of fuel has made but little progress, and I am not aware 
that any perceptible increase of economy has been attained by exceed- 
ing 70 pounds to 75 pounds pressure. In. fact, the compound or double- 
expansion engine has relapsed into the condition of the old single-ex- 
pansion one. 

This gradtial increase of pressure, using all the time the ordinary 
type of internally flred fire-tube bbiler has dissipated at once the mis- 
trust of boilers of larger diameters, and the craving for boilers com- 
posed of water tubes and such other complicated arrangements. These 
may yet have their day. 

However, I am indebted to one of these water-tube boilers for having 
driven me seriously to take up the question of utilizing advantageously 
steam of much higher pressure than was at that time generally in use. 
While I was with Messrs. John Elder & Co., in 1874, Mr. W. H. 
Dixon, of Liverpool, anxious to attain greater economy of fuel, made 
up his mind to fit his steamer Propontis with high-pressure water-tube 
boilers on Messrs. Eowan & Horton's patent, and thus I had to consider 
the best engine to utilize this high-pressure steam advantageously. 

Being thoroughly convinced that the great secret of success in the 
ordinary compound engine of the day over the earlier sipiple engine 
(even the Woolf engine) lay in the range of temperature through which 
the steam in any one cylinder passed in the course of one stroke, being 
very much reduced (nearly halved in fact, compared with a single cyl- 
inder), it seemed to me that with these high pressures we must use 
three successive expansions, and divide the total range of temperature 
into three parts. Of course this was incidentally favorable to a more 
uniform distribution of strains, reduced leakage to the condenser, &c. 

Thus, the engines of the Propontis, constructed in 1874 for a steam 
pressure of 150 pounds per square inch, consisted of three cylinders of 
progressive capacities, the smallest being the high pressure, to which 
the steam was first admitted ; next the intermediate one, to which the 
steam passed from the high -pressure cylinder; and the third the low- 
pressure cylinder, receiving the steam from the intermediate cylinder 
and discharging it into the condenser. The arrangement consisted of 
a three-throw crank, with a cylinder above each, and possessed no spec- 
ialities of construction or design. 



Unfortunately, the boiler very early gave trouble and ultimately was 
taken out, the causes of which do not come within the scope of this 
paper 5 but during the time it worked at its fiill pressure I found, on 
comparing the diagrams with those of an ordinary compound engine, 
tiiat these engines ought to have required only about IJ pounds of 
coal per indicated horse-power. The practical results of working the 
engines were satisfactory, no difficulties being introduced by the use 
of high-pressure steam ; indeed, they are at work to the present dayy 
though at reduced pressure. For when Mr. Dixon took out the water- 
tube boilers the idea still haunted most people that an internally fired 
boiler was unfit for such high pressures, and the new boilers of the 
ordinary type only carried 90 pounds — still a high pressure for such a 
boiler in the year 1876. These engines are still doing good work in the 
Propontis. 

From that time till January last year (1881), when Messrs. George 
Thompson & Co. intrusted to my firm (Messrs. E. Sapier & Sons) the 
building of the steamship Aberdeen, I failed to find any one who 
cared to make so long a step, and in doing so I hope Messrs. Thomp- 
son wiD have their reward. 

In designing a ship for the long voyage their ships make from this 
country to Australia and China, more importance attaches to a small 
consumption of coal than in ships making shorter voyages, and it was 
necessary to use every device to this end. 

The engines of the Aberdeen are essentially of the same design as 
those of the Propontis, the cylinders being 30 inches, 45 inches, and 70 
inches by 4 feet 6 inches Stroke. The boilers, two in number, are ordi- 
nary double-ended boilers, cod structed entirely of steel, with six of Fox's 
corrugated furnaces in each, the total heating surface being 7,128 square 
feet. 

There is no superheater. The construction of these boilers for so 
high a pressure— 125 pounds per square inch — was facilitated by their 
beiug built of steel and to Lloyd's, whose rules allow the shells to be 
made thinner than required by the Board of Trade, although the in- 
ternal parts are as strong as those required by the latter. After all, 
the shell is the simplest and strongest part of a round boiler, where, 
even if built to Lloyd's, there is superabundance of strength, but to 
doubly insure success — the internal parts of a boiler being those which 
oftenest give trouble — they were made stronger than required by either 
Lloyd's or the Board of Trade, whose scantlings for these parts are 
practically the same. 

The high-pressure cylinder was not jacketed, the second was jacketed 
with steam of 50 pounds pressure, and the low-pressure one with steam 
of 15 pounds above the atmosphere. 

The Aberdeen is a ship built of iron, both ship and engines being 
to the highest class at Lloyd's, 350 by 44 by 33 feet. When the ship 
was complete, 2,000 tons of dead weight were put on board, and ar- 
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rangements were made to test the consamption on a six hoars' run at 
IjSOO-horse power ; this, however, by the owners' desire, was reduced 
to four only. The coal was Penrikyber Welsh coal, and Messrs. Parker 
& Dunlop, who happened to be on board, kindly undertook to examine 
the state of the fires and see the coal weighed. The result was a con- 
sumption of 1.28 pounds per indicated horse-power. According to 
usual analogy, we should expect from this a sea consumption of good 
Welsh coal of from 1.6 to 1.6 pounds per indicated horse power. The 
next trial was to find the maximum speed, which, on four runs on 
the measured mile (occupying two hours), was 13.74 knots, the mean 
power being 2,631, and the consumption of coal during these two hours 
being 1 ton 17 cwt. per hour. I am aware that the consumption o f 
coal on so short a trial is not of implicit value, but the trial was made 
with the utmost care, and is thoroughly reliable so far as it goes. The 
engine, I ought to mention, is fitted with "Weir's" feed-heater, with a 
view to the better preservation of the boilers. 

1 mentioned above that the high-pressure cylinder was not steam- 
jacketed, while the others were. As it did not seem to me that the 
-value of jackets could be great in such an engine, with so limited a 
range of temperature in any one cylinder and a considerable speed of 
piston, I sacrificed the steam jacket in the case of the high-pressure 
cylinder, purely from prudential motives (the voyage being a very long 
one), to avoid any chance of cutting, when worked with very little lu- 
brication, as it was desirable the engine should. Further, when we take 
into account the thickness of the interior chamber of the cylinder and 
the speed of piston, it is not conceivable that the interior surface of 
the chamber can be maintained by the steam on the outside of it, at a 
uniform temperature. In fact, the slower an engine runs the more effi- 
cient the jacket becomes. 

There is no doubt that in such an engine as the above, or, indeed, in 
any compound engine when the range of expansion and temperature 
is kept within 'moderate limits, that economy from the use of steam 
jackets is at least small ; that, in fact, the steam condensed in the jack- 
ets, if admitted to the high-pressure cylinder, would have been for all 
practical purposes as efficient. 

This has been a fortunate thing for the compound marine engine, as 
it is always extremely doubtful if, at sea, the steam jackets receive the 
attention they require to make them efficient. 

These remarks do not apply when engines are being worked at com- 
paratively low powers. 

I may mention that the weight of steam condensed in the jackets, 
carefully measured into a tank, was 3| per cent, of the greatest weight 
of steam admitted to the high-pressure cylinder (by diagrams, Plate 
I), the pressure on the jacket of the middle cylinder being 30 pounds, 
and on the low-pressure cylinder 10 pounds. 

In a second experiment, the condensed water was still the same per- 
centage when the pressure in each jacket was doubled. 



I may mention that the loss of steam from the high-pressure cylinder 
to the low pressure, just before release, plus the steam condensed in 
tjie jackets, was the same as took place inside the cylinders with the 
steam shut off from' the jackets. I do not, however, quote this as abso, 
lutely conclusive, for, by an omission, Weir's feed-heater was connected 
and at work on both trials, abstracting a certain amount of steam from 
the low-pressure receiver. Still, I feel certain the result is tolerably 
correct, as the quantity abstracted by the heater must have been very 
nearly in the same proportion on both occasions. But a much more 
conclusive argument is to be found in the^ trials of a compound engine 
at Blackburn, made by Mr. Longridge (see Engineering, February 24 
1882), where it will be found that the feed-water per indicated horse- 
power per hour was, when no steam was in the jackets, 16.87 pounds, 
and when all the jackets were supplied with steam, 17 pounds ; on a 
second trial the figures were respectively 16.97 pounds and 17.16 pounds. 

Unfortunately, at sea, it is extremely diflScult to get data of this sort 
with the completeness Mr. Longridge was able to carry out on land. 

I made complete arrangements for some further experiments on the 
way from Glasgow to London, but, owing to the state of the weather, 
my good intentions, to a great extent, fell through. 

The form of engine adopted on board the Aberdeen, of three cylinders, 
each over a crank, as in Fig. 1 (Plate II), though a very convenient 
form for overhauling and giving a very uniform rotary motion, is not, 
by any means, the only form in which such an engine can be arranged. 
Indeed, from the unwieldy dimensions the low-pressure cylinder would 
attain, it would not be advisable for large powers. 

About four years ago — ^but several years subsequent to the Propon- 
tis — Messrs. Douglas and Grant, of Kirkcaldy, made a comparatively 
small set of marine engines for the Isa with triple expansion, by placing 
the first, or high-pressure, above what in an ordinary two-cylinder com- 
pound engine would be the high-pressure cylinder, as in Fig. 2 (Plate 
II). This makes a neat and, in some cases, a convenient arrangement 
but is open to the objection that, if you make the ratios of expansion 
approximately equal in each cylinder, the strains are very unequal, as 
also the several ranges of temperature. A better arrangement is, to 
have two low-pressure cylinders, with the high-pressure cylinder on top 
of one, and the intermediate cylinder on the top of the other, as in Fig. 
3 (Plate II). 

This arrangement is adapted to high powers, and does not occupy any 
excessive length. It is also the best plan for altering a compound en- 
gine of the present type into a triple expansive engine, as it does not 
alter the strains on the cranks, connecting rods, &c. 

It farther lends itself to certain horizontal arrangements of engines, 
as are used in nnarmored ships of war. The weight of the machine 
would not be perceptibly increased, while the weight of coal to be car- 
ried would be considerably reduced. 
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11. 

ON THE ECONOMY OF COMPOUND ENGINES. 

By W. Parker, Esq., Chief Engineer Surveyor of Lloyd^s Register; 'Member of Council, 

[Read at the Twenty-third Session of the Institution of Naval Architects, 29th March, 
1882 ; the Right Hon. the Earl of Ravensworth, president, in the chair.] 



During the last few years I have watched with great interest the 
continued increase of the steam pressures in the boilers of our merchant 
ships, first from 60 pounds per square inch to 70 pounds, and then to 
80 pounds, and there is no doubt that an appreciable gain in economy 
of fuel has resulted therefrom. At present, very few engines are being 
made to work at a lower pressure than 80 pounds, while 90 pounds ap- 
pears to be the more common pressure in use^ still, I am almost inclined 
to doubt if sufficient economy of fuel can be realized by going above 80 
or 90 pounds per square inch with the two-cylinder type of epgine now 
in use. Having lately been investigating this subject, I think that a 
short description of the results obtained may not be uninteresting to 
this meeting. 

The reason why, in general, higher steam pressures are conducive to 
economy is that they render possible a greater measure of expansion, as 
the most part of the work is done without any further expenditure of 
heat than originally supplied in the steam before expansion ; but there 
are limits beyond which expansion of steam is not beneficial, and it is 
to these limits that I ^ish to draw attention. 

If we conceive a perfect gas originally at a high pressure, and at any 
temperature to expand, doing work, tlie work will be done at the ex- 
pense of the heat of the gas, and its temperature will fall by an amount 
proportional to the work done during expansion, unless an equivalent 
amount of beat be added as expansion takes place. If this heat be ad- 
ded, the relation of the pressure and volume during expansion is such 
that their product at any time is constant ; but if no heat is added dur- 
ing expansion the pressure falls much below that which it would have 
been according to this law. 

In the case of steam we have a much more difficult matter, as any 
reduction of temperature below that due to the pressure causes immedi- 
ate condensation. However, when the law by which the pressures and 
temperatures of steam vary is known, and also the total amount of heat 
necessary to produce steam of any given pressure, we are able to cal- 
culate the variations of pressure and volume of steam, if we know what 
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heat is given to or taken from it, and also what work is done by it dur- 
ing expansion. 

For example, if we take a given volume of dry saturated steam at a 
pressure of 140 pounds per square inch (absolute), and let it expand 
during work, we shall require to add heat to it at every step of the 
expansion in order to prevent liquefaction taking place, and although 
heat is added its temperature falls. 

This is represented in the diagram. Fig. 1 (Plate I), by the drawn line, 
the temperatures at the various pressures and volumes being marked in 
figures thereon. 

If now we were to allow the steam to expand without adding heat to 
it) or taking heat from it, but doing work during expansion, we should 
have partial condensation taking place 5 the process being represented 
by the dotted line in the diagram Fig. 1, the horizontal distance between 
which and the full drawn line, at any jJressure, representing the amount 
of condensation which has taken place. 

If now we could by any possibility allow steam to expand thus, say by 
using a perfectly nonconducting cylinder, we should get the maximum 
of work possible out of the steam, but, as I have stated, condensation 
must then take place. In practice, however, we are compelled to use 
cylinders of metal, the inner surfaces of which must be polished, and of 
course polished metal is a very superior conductor of heat ; the inner 
surface of the cylinder must therefore always be tending to become of 
the same temperature as the steam immediately in contact with it. 
When it is colder than the steam it rapidly condenses part of it, absorb- 
ing its latent heat until its increased temperature is equal to that of the 
steam, while if the temperature of the steam is less than that of the cyl- 
inder, the surplus heat of the cylinder will by evaporating any condensed 
moisture on its surface rapidly lose heat until equilibrium of temperature 
again results. 

This is the process which must take place in a cylinder at every stroke 
if the piston moved sufficiently slow 5 but even with a fast-moving en- 
gine the temperature of the inner surface of the cylinder will always be 
somewhere between that of the steam at entry and exit. 

When, therefore, the steam lirst enters any cylinder its temperature 
is reduced by contact with the cylinder, and a certain amount is con- 
densed. The effect of this is to warm the walls of the cylinder and the 
piston ; as expansion takes place the temperature of the steam falls until 
it becomes lower than that of the cylinder, and then the hotter cylinder 
re-evaporates part of the condensed steam. Again, when the exhaust 
opens a further reduction of pressure takes place, as it escapes into either 
a receiver or a condenser, and thus the re-evaporation becomes com- 
plete. 

On fresh steam entering, as much of this is condensed as is required 
to raise the temperature of the cylinder to that of the entering steam. 
The effect of this whole operation is to admit a larger quantity j[of steam 
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from the boiler than ought to be required to fill the cyliuder. It will 
thus be seen that in an actual engine the expanding steam must be hav* 
ing heat abstracted from it during a part of the forward stroke by the 
cylinder walls, in addition to that converted into work, whilst an amount 
of heat is added to it during the latter part of the same stroke, and dur- 
ing the whole of the return stroke, in re-evaporating the condensed 
steam. 

The portion returned to the steam during the forward stroke helps to 
do some useful work by increasing the forward pressure, but the por- 
tion added to the steam during exhaust (really by increasing the back 
pressure) not only is directly wasted, but is actually creating resist- 
ance. 

It is therefore evident that the greater the amount of expansion the 
greater will be the range of temperature, and the greater the range of 
temperature the greater will also be the amount of liquefaction and re- 
evaporation taking place, so that a point is reached at which with further 
expansion the greater variation of temperature causes preater losses of 
heat than is compensated for by the additional work done. 

Now, provided we can expand the steam continuously, allowing the 
pressure to fall only a« work is done, it is immaterial whether the ex- 
pansion is effected in one or in more cylinders. • 

In the compound engine as in general use, however, this expansion is 
somewhat interrupted ; the steam after it is cut off in the high-pressure 
cylinder expands until it fills this cylinder, and at the end of the stroke 
it expands further, without doing work, into the receiver. This repre- 
sents a loss compared with what would have been realized by continu- 
ous expansion, and, in addition, the steam having to pass through tor- 
tuous passages in obtaining its exit from the high-pressure cylinder into 
the-receiver, and from the receiver into the low-pressure cylinder, a loss 
of direct pressure is experienced, the forward pressure in the low-press- 
ure cylinder when this is fully open to the receiver being generally two 
or more pounds less than the back pressure in the high-pressure cylin- 
der. 

These losses of power are represented graphically by the gap between 
the high and low pressure diagrams when expanded, as shown in Figs. 
1, 2, and 3 (Plates I and II), and the continuous expansion curve. 

Although a very considerable loss may thus be shown to take place 
in the best designed compound engine, yet the fact has been proved be- 
yond question that the compound engine, even with this loss, is more 
economical by far than the simple engine 5 and the reason it is so is be- 
cause, by expanding the steam into two cylinders, the range of temper- 
ature becomes divided into two, and in neither cylinder does such a great 
amount of condensation take place. 

For instance, with steam of 60 pounds per square inch above the at- 

"mosphere, expanding to say 10 pounds absolute, or 5 pounds below the 

atmosphere, a single cylinder will be exposed to a range of temperature 
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from 3070 to 1940 during the forward stroke, and then to 100^ during 
the return stroke, while in the compound engine the ranges will be from 
3070 to about 2150 in the high-pressure cylinder, and from 215° to 100^ 
in the low. 

In an ordinary compound engine, as we increase the pressure, so also 
do we at the same timejncrease the range of temperature; and further, 
unless the high pressure cylinder is made unduly large, so that a long 
range of expansion takes place in it, a large amount of unbalanced ex- 
pansion takes place from the high pressure cylinder to the receiver. 

Thus in Fig. 3 (steamship IN'orthern) we see a great gap between the 
diagrams and the curve, so that, together with increased condensation, 
a limit must be reached in which further expansion in the two-cylinder 
engine will produce more losses from these causes than the gain from 
the additional expansion, exactly in the same way as with the simple 
engine a limit was soon reached beyond which additional expansion was 
injurious. 

In other words, if pressures and expansions are carried beyond this 
limit, we shall have to again compound our compound engines. 

Where this limit is must be ascertained by direct experiments, and I 
am sure that the engineering world are looking forward with intense 
interest to the results which will be obtained by the steamship Aber- 
deen in her forthcoming voyage as an experimental fact towards settling 
this point. 

Unfortunately, with marine engines, it is almost impossible to determ- 
ine their absolute eflftciency ; the only facts as to their performance which 
can be accurately noted are the indicated horse power and the consump- 
tion of fuel; ,this gives a measure of the efficiency of the engine and 
boiler combined, but in order to eliminate the boiler we would require 
to know in addition the amount of water evaporated, and also the 
amount of condensation water and its rise of temperature (this would 
enable us to know how much water was in the steam when it enters the 
engine, and also at any subsequent part of the stroke), but these quan- 
tities are not measurable in engines of large power, such as are fitted to 
the ordinary steamers employed in the mercantile marine. 

Although it is impossible from the indicator diagrams to ascertain 
how much condensation takes place, yet on carefully analyzing them 
the re-evaporation during the latter part of the stroke can easily be 
seen, but that which takes place when the cylinder is open to the con- 
denser cannot of course be ascertained in this way. If the clearance 
spaces^ of each cylinder be accurately measured, and the actual volumes 
of the steam at each pressure be set off in a diagram, as shown in the 
Figs. 1, 2, and 3, it will be found, I believe, in every case, that after the 
cut-off the curve formed will rise higher than the adiabatic curve through 
the cut-off point, showing that re- evaporation does take place, while in all 
cases the low-pressure diagram will fall below the adiabatic curve drawn 
through the fullest point of the high-pressure diagram, further showing 
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that some portion of the steam must pass through this cylinder as water, 
never appearing in the indicator diagram at all being re*evaporat«d dur- 
ing the return stroke directly into the condenser. 

I have constructed diagrams (Plate I), showing the relative volumes 
and pressures of steam in the case of the steamship Aberdeen, taken 
from indicator diagrams, kindly given to me by Mr. Kirk, from the per- 
formance of that vessel at the power at which she will work at sea, and 
also from diagrams taken from two two-cylinder compound engines, one 
of them working at the same boiler pressure, viz, 126 pounds per square 
inch, and the other at 88 pounds per square inch. 

It will be observed that in the latter case a considerable departure is 
visible in the high-pressure diagram from the adiabatic curve (or curve 
of perfect engine), while very considerable condensation is shown in the 
low-pressure cylinder, more than that in the high-pressure, and consid- 
ering the rapid rate of evaporation in the high-pressure cylinder towards 
the end of the stroke, I believe that a very considerable amount of the 
steam must even then be left condensed. 

In the first two diagrams of the steamship Aberdeen very little evap- 
oration is shown, and this is what we should have expected from the 
small range of temperature in them. 

Again, in the case of the engines of the steamship l^orthern, Fig. 2 
(Plate II) being ordinary compound engines working at a pressure of 
88 pounds per square inch, although the compression parts of the dia- 
gram clearly show that the high-pressure piston is leaky, yet the press- 
ure in this case towards the end of the stroke rises above the adiabatic 
curve, while very considerable condensation has taken place in the low- 
pressure cylinder, and had the piston been tight these would of course 
have been more marked. 

I think we may assume that the nearer the expansion curve in prac- 
tice approaches that due to the perfect engine, the better will be the 
performance of the engine, and from these diagrams I have formed the 
opiriion that the limit of beneficial expansion with the two-cylinder com- 
pound engine is about reached at a pressure of between 80 and 100 
pounds per square inch, and that in order to obtain better results with 
steam above that pressure we must compound our present compound 
engines. 

I may mention that within the last few weeks there has been a steamer 
completed to work at a pressure of 150 pounds per square inch, with 
triple expansive engines very similar to those fitted, in the steamship 
Aberdeen, and in my opinion this description of engine marks one of 
the most important of recent advances in marine engineering, affording 
a means of using steam with economy at higher pressures than have 
hitherto been possible. 



DISCUSSION ON THE TWO PRECEDING PAPERS. 

Mr. William Denny. My lord, we have not as yet made any ex- 
periments on triple-expansive engines, but in the Watt lecture, which I 
delivered in January, I stated we were going to make experiments in a 
small steam-tender we were building for ourselves. We are building 
her with compound engines, but with a boiler of sufficient strength to 
stand 120 pounds pressure. We are going to try these engines with 90 
pounds pressure, and we propose afterwards putting on, in thp style of 
that Ko. 2 engine, the invention of Mr. Taylor, of Newcastle, to whom 
you referred this morning, a third cylinder, for the purpose of making 
them into a triple-expansion engine. We shall then raise the boiler 
pressure to 120 pounds, and try what the result is. When we have 
done that my firm no doubt will be very pleased, if the Institution (^ares 
to receive it, to give the result of those trials. 

Mr. LoNaBiDGE. My lord, the papers just read bring before us sev- 
eral points on which I should like to have spoken, but as time is getting 
short I will limit myself to one only, namely, the extent to which econ- 
omy of steam depends upon the number of cylinders used. Mr. Kirk's 
paper contains two propositions : The first, that increased economy must 
be got by higher pressure 3 the second, that to make the economy due 
to higher pressure practically available we must increase the number of 
cylinders in which the steam is worked. The first I am willing to ad- 
mit, though I believe the gain now possible to be only small; with the 
second I cannot agree. In support of it Mr. Kirk asserts that when 
boiler pressures were raised from 15 pounds to 60 pounds, and simple 
engines replaced by compound, half the coal was saved, and his con- 
clusion is that the saving resulted from compounding ; mine is that it 
resulted from the higher pressure. The old single-cylinder engine, 
working with a boiler pressure of 15. pounds, was practically a non- 
expansive engine; in the nature of things it could not be otherwise, for 
if the steam had been cut off early the back pressure would have in- 
creased so much relatively to the mean pressure as to neutralize the 
economy due to the higher ratio of expansion. The compound engine, 
working with a boiler pressure of 60 pounds, was, on the contrary, an 
expansive engine working under fairly economical conditions, for the 
higher boiler pressure permitted a fair ratio of expansion concurrently 
with a fairly high mean pressure, while the addition of the second cyl- 
inder allowed this higher ratio of expansion to be got conveniently with 
a common slide-valve. The same economy would have been got by 
expanding steam of 60 pounds in a single cylinder under proper condi- 
tions. The increase in the pressure was the primary and essential 
16 
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oaase of the economy; the addition of the second cylinder was only a 
convenient plan for getting the necessary nnmber of expansions with a 
familiar valve gear. In support of this assertion I might hriug a priori 
arguments of equal force to those brought against it in the paper. Com- 
pare, for instance, the three-cylinder engine of the Aberdeen with a sim- 
ple engine developing 1,800 indicated horse-power^ assuming in both 
cases a speed of 60 revolutions and a back pressure of 3 J pounds. The 
constant of the big cylinder of the triple-expansion engine would be 63 
and the power required to expel the steam 225 indicated horse-power. 
With a single cylinder and a ratio of expansion as high even as 1 : 10, 
a diameter of 59 inches would be sufficient to develop 1,800 indicated 
horse-power, and in this case the work of the expulsion would be only 
154 indicated horse-power, or 70 indicated horsepower less than before 5 
a gain of 3 J per cent, at once. Look at the matter from another point of 
view. What is it that prevents the practical realization of the economy 
promised by the theory of expansion f It is condensation 5 not the conden- 
sation throughout the mass of steam due to the performance of mechan- 
ical work, but the condensation due to the abstraction of heat by con- 
duction from that part of the vapor which touches the metallic surfaces 
of the cylinders. The surfaces are, in the triple-expansion engine, 241 
square feet; in the single engine 120 square feet, without counting the 
surface in the passages and ports, which of course is greater in the com- 
pound than in the simple engine. Does it not seem curious, on the fac/e 
of it, to try to prevent condensation by doubling the surface causing 
condensation f Of course, by increasing the surface we reduce the dif- 
ference of temperature, upon which also the flow of heat depends, and 
by so doing we get a certain proportion of the work done before the 
most serious condensation takes place; and this is absolutely all that 
can be said in favor of the compound engine. Is it sufficient to enable 
us to predicate of that engine any considerable economy, or any econ- 
omy at all, as compared with the simple engine? I think not. But a 
priori reasoning about steam-engines is fallacious. Experiment is the 
only certain guide; and even experiments may mislead, unless the cir- 
cumstances under which they are made are properly chosen. For in- 
stance, Mr. Denny has proposed to put the question of two cylinders 
versus three to a practical test by fitting an engine with two cylinders 
working at 90 pounds against an engine with three cylinders working 
at 120 pounds. This is not a proper test at all. What should be done 
is to try two cylinders against three with the same boiler pressure after 
finding out the best ratio of expansion in each case, for experiment has 
shown that for each type of engine there exists a certain ratio of expan- 
sion at which the best result is got. A careful series of experiments 
has been made in France to determine these particular ratios of expan- 
sion. With jacketed cylinders and pressures approaching 60 pounds 
they are, for single cylinders, about seven expansions ; for compoood 
engines, with cylinders 1 : 2, about eight expansions; with cylinders 1 : 3, 
2872_Ko. 16 2 
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about ten expansions; with cylinders 1:5, about fifteen expansions* 
It is also shown that all the best results^are practically the same, the 
consumption with about 60 pounds of boiler pressure being approxi- 
mately 18 pounds of water per horse-power. One of my own experi- 
ments made under the same circumstances gave the same result. At 
80 pounds pressure I have found the consumption with two types of 
engine to be nearly 16f pounds, and this is confirmed by oneof the French 
experiments, before referred to. These figures do not justify us in as- 
serting definitely that the consumption of all types of engines working 
at 80 pounds would be 16f pounds of water, but if we are to argue by 
analogy at all, then we should infer rather that it would be than that it 
would not. Both a priori reasoning and experiment, therefore, lead me to 
theconclusion that whateverother advantages the compound engine'may 
confer, a marked economy of steam, such as is claimed in this paper, is 
not to be expected. My own experience leads me to think that the 
saving from increased pi*essure is roughly about 1 pound of water per 
horse-power for each 10 pounds rise in pressure at about 60 pounds, and 
somewhere about half as much in the neighborhood of 80 pounds, and 
less again for higher pressures. Besides increase of pressure there 
seems another way in which economy may possibly be effected, and that 
is by superheating. When: I mention that with steam of 55 pounds 
pressure superheated 380o and expanded seven times in a single un- 
jacketed cylinder a horse-power has been produced with 15J pounds of 
water — a result little if at all inferior to that obtained from the engine 
described in the paper — I think I have said enough to show that the 
question of superheating is worth consideration. I should add that in 
the case referred to there was 24 per cent, of water in the cylinder at 
the end of the admission. 

Mr. John Scott. My lord, will you allow me, as an early worker in 
the introduction of the compound engine for marine purposes when that 
engine was not a fashionable engine, to say a few words on this very 
interesting question ? I have listened with a great deal of pleasure to 
the papers which have been read by Mr. Kirk and Mr. Parker. I was 
one of. those who commenced the introduction of the compound engine at 
the very early period of 1858. I commenced with the use of steam at 
125 pounds, which Mr. Kirk has now been experimenting upon. I was 
obliged to abandon the use of that pressure because the boilers we then at- 
tempted to use, as happened with Mr. Kirk in 1874, boilers with internal 
water tubes, failed in continuous practice. Although after that period^ 
in 1860, 1 recommenced with pressures of 60 pounds. I never lost faith 
in a pressure, for practical purposes, of 125 pounds, or even more. When 
I used that pressure in 1858 and 1860 (and possibly some gentleman 
may recollect it, or have seen accounts of those experiments in Pro- 
fessor Eankine's work on the steam-engine) only two cylinders were used 
in working that pressure of steam. If my recollection serves me right — 
and I am speaking entirely from memory about it — the results which 
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we obtained were not very different from those which Mr. Kirk has 
brought before us to-day. That system was abandoned at that time 
simply from the failure of the boiler, and not because we were disap- 
pointed with the result of the engines. Nobody, until Mr. Kirk led the 
way with this boiler, as fitted to the Aberdeen, has had the courage to 
use steam of 125 pounds at sea in a boiler of ordinary marine type, and 
I think Mr. Kirk deserves a great amount of credit for having been so 
bold as to do so. He has explained in his paper very well what has 
enabled him to obtain that result now, and I think a great deal of credit 
is indeed due to not only him, but to those who enabled him to carry 
out those experiments on such a large scale. Now, my lord, with re- 
gard to the curves on the diagrams here (Plate I, Mr. Kirk's paper), with 
reference to the question of the difference of economy to be expected 
between the use of three or four cylinders and two cylinderti. In using 
an adiabatic curve, such as is shown on the diagrams, the measure of 
the loss caused either by condensation in the cylinder and re-evapora- 
tion, or any of the other losses, must be measured by the differences of 
area between the curves projected from the actual indicator diagram 
and that shown by the diagram. Now, in comparing the various curves 
produced by Mr. Parker and those produced in Mr. Kirk's paper, I must 
confess that, going roughly by the eye, I do not see any very large dif- 
ference of area presented by those curves. It strikes me, as far as 
. shown, the tandem engine of the Ludgate Hill, with two cylinders, does 
not very largely differ from the triple cylinder engine of the Aberdeen. 
I should have liked, if one or other of those gentlemen could have given 
us the exact figures as represented by the diagram they have produced 
to show what those differences really are. 

The President. They will be able to do that in their reply if they 
are furnished with them. 

Mr. B. A. CowPER. My lord, I have drawn here two diagrams in 
order to try to show distinctly the difference between the area that can 
be obtained with 90 pounds steam in a compound engine, and what 
would be the effect with three cylinders, supposing the steam is 125 
pounds to the inch. Fig. I (Plate appended to this discussion) is 90 
pounds, and Fig. 2 is 125 pounds. Now, theoretically. Fig. 2 ought to 
. be obtained by Mr. Kirk by going to 125 pounds pressure. I have not 
rounded off' the corners so much as they would be rounded off in prac- 
tice, because 1 wished to show, as nearly as I could, the true expansion 
curve — what the amount of power is that should be obtained in each 
case. Therefore, I should be very glad indeed, having had something 
to do with the compound engine, if Mr. Kirk can get that bit between 
the 90 pounds and the 125 pounds, but it must be admitted that it will 
be at the sacrifice of some convenience in the boiler, owing to extra 
stays and thick plates, &c. However, that is all that is on the cards, 
and no more is to be got than that. Now, taking the observations of 
Mr. Parker in reference to the steam being condensed, first in the one 
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cylinder and further on in the second cylinder, and passing out as water 
into the condenser, I must take exception to that statement. He did 
not state in the paper whether the cylinders were steam-jacketed. If 
that action took place they could not have been properly steam-jacketed. 
I drew attention to that effect, when I first introduced my arrangement 
for compound engines in 1857, and I afterwards improved my steam- 
jacketed reservoir in 1862. It was done in this way. There was a 
steam-jacketed reservoir. Figs. 4 or 5 (Plate appended), there was a lining 
inside L L open at one end, and closed at the other. As the steam 
passed through from the high -pressure cylinder at H, it passed into the 
middle of the space E, Figs. 4 or 5, without rubbing against the steam- 
jacket S at the side, and it did not increase the back pressure at all, and 
did not expand the steam at all, but when it passed out to the low-press- 
ure cylinder at G, it passed round the edge of the lining L L through 
the passage P, and rubbed itself against the steam-jacket inside all the 
way round. 1 am afraid in many of the compound engines which are 
now made with steam -jacketed reservoirs, they do not put the linings 
L L in, and therefore they do not get the full advantage of superheat- 
ing the steam when it passes out. The diagram Fig. 3 (Plate appended) 
shows the steam expanded as above-mentioned. The dotted line E E 
is the true expansive curve, and the full lines are the indicator figures. 
Instead of having any portion of the steam thrown away as water, as 
suggested by Mr. Kirk, we have the steam slightly superheated. It is 
not an experiment, but has happened over and over again ; in fact, the 
steam-jacketing of the cylinder ends as well as the jacketings at the sides j 
•and the jacketing in the reservoir " keep Jack alive'' to that extent, that 
we get a good pressure right away out to the end of the low-pressure 
figure. In that way we can expand very many times, whereas in one 
cylinder there cannot be much more expansion than is shown by the 
dotted indicator figure O O. The consumption of fuel which Mr. Kirk 
has spoken of, 1.28, 1 am very glad to hear of, but it ought to have been 
better for 125 pounds pressure of steam, I myself having many years 
ago done 1.3 with 55 pounds steam. One reason is, in the Aberdeen, 
that he does not follow the expansive curve far enough — ^he should ex- 
pand more in each cylinder. There is a large notch between each of those 
figures because the running of the curve is not foUowed. It does not 
expand enough in the high-pressure cylinder, or m the intermediate 
cylinder. Twelve per cent, ought to be got, and I need not mention that 
the difference between 1.3 and 1.28 is not anything like 12 per cent., 
but is only IJ per cent. 

Mr. KiBK. Would you kindly tell us by what kind of vessel the 1.3 
was got! 

Mr. OowPEB. Her Majesty's ship Briton, 350 horse-power nominal 
working up to 2,100 horse-power, and also the Thetis, a sister ship. 

Mr. Maofablane Obat. The advantage in efGiciency of increasing 
the pressure from the usual 60 pounds steam, that is 75 pounds gross, 
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to 124 poaiids gross, theoretically amoants to aboat 16 per cent. The 
mean pressure during admission is, say, only 110 pounds (all the pressures 
will be given gross pressures), the gain would be, in that case, theoret- 
ically only 12J per cent. I think that only about 9 per cent, increased 
efficiency can have been realized; that will amount to about 8^ per 
cent, of fuel saved ; but they say that 10 per cent, of the fuel is saved* 
The question is, is it worth while to add a cylinder and to, say, double 
the boiler pressure to save 10 per cent, of the present consumption of 
fuel ! Thinking back upon previous advances in economy, we must, 
when judging of a percentage statement of saving by precedents, bear . 
in mind that, at the beginning of compounding and surface condensa- 
tion, 10 per cent, saved would be 10 per cent, on about 4 pounds per in- 
dicated horse-power, while it is now 10 per cent, upon only 2 pounds, or 
equal to what 5 per cent, was then. Ten per cent, less coal to be carried, 
, even on the present diminished consumption, may bn a sufficient induce- 
ment to adopt engines of this type for the China trftde, in which the 
City of Aberdeen is to be employed, but on comparatively short voyages 
the increased first cost and increased tear and wear will, 1 think, mpre 
than counterbalance the gain. 

In Mr. Parker's paper the process by which wliat is originally " dry sat^ 
urated steam ^ does work is described. In my paper on thermodynamics 
two years ago I suggested that this term "saturated steam" should be 
given up as misleading. I consider that steam as obtained from the 
boiler is steam gas containing less or more moisture. The steam cannot 
be said to be "saturated" with moisture, for liquid particles continue to 
be formed in it during expansion. A perfect gas is matter traveling in 
single molecules; aggregations of molecules constitute liquid particles, 
each aggregation, however, still counting as one gas molecule, the addi- 
tional molecules counting as liquid. This view of steam, which I am 
working out, has also since been advanced in an article by " Clausias " in 
the Philosophical Magazine^ in June, 1880. The long time I have allowed 
to elapse between reading my paper and preparing it for the press is 
principally due to this, that although on every side I obtain remarkable 
corroborations of the soundness of my deductions, they, in respect to 
the varying specific heat of liquid water, to a small extent violate the 
second law of thermodynamics, while they agree with the first law. I 
am trying either to explain away that disagreement, or, otherwise, to 
heap up experimental corroborations to support my deductions in their 
violation of the second law, which, except for a perfect gas, is admit- 
tedly based on a mere assumption. What is called dry saturated steam 
at a given temperature is boiler steam at that temperature of maximum 
pressure with a supposed minimum amount of moisture. Otherwise it 
may be described as boiler steam at a given pressure at minimum tem- 
perature containing minimum moisture, or simply dry steam. In Reg- 
nault's experiments on latent heat, steam at 212^ contained .991 of 
steam gas, and only .009 of moisture ; that is the mean of forty-four ex- 
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periments at that temperature, but the proportion varies irregularly, 
and at the highest pressures experimented on, 200 pounds pressure, the 
moisture amounted to only 2 per cent. In Mr. Parker's paper the nine- 
tenth formula approximation is employed. I make the decrease of the 
P. V. product to be more rapid in adiabatic expansion than that ob- 
tained by that formula. The following table gives some notion of the 
order in which condensation proceeds, beginning without moisture : 
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The column headed " P. V. new ^ is the P. V. according to my graphic 
method. The last column gives the P. V. by the formula employed for 
the adiabatic curve in Mr. Parker's paper. Either of these shows that 
the old rule P. V. constant cannot be applied when such a range of 
pressures has to be dealt with. If the intermediate steps between ex- 
hausts and inlets involve no loss of heat the P. V. products will be a 
little more than what are given in the second last column, which refers 
to perfectly adiabatic expansion. The adiabatic curve exhibited on a 
diagram at low pressures is not easily estimated by the eye, which can 
with difficulty take in, that a little up or down means a strip of area 
of that breadth the whole length of the diagram ; where the curve is 
steep the differences are seen more clearly. With regard to the prac- 
tical value of steam-jackets, I have frequently been told by sea-going 
engineers that they never put steam into the jacket except before taking 
an indicator diagram, because they cannot keep up steam with the 
jackets in use. With the steam-jackets they can get a prettier diagram. 
I do not mean to say that this is conclusive against jackets, because it 
is quite consistent with this statement that the speed of the vessel 
might be a shade more with the jackets under steam. The boilers, how- 
ever, might not be sufficient to maintain the intended steam pressure 
with the jackets on, and that having to be logged the engineer would 
be blamed for not keeping up the pressure, and to escape blame he 
shuts the steam off the jacket. One type of engine illustrated, viz, that 
with the first cylinder tandem above the second cylinder, offers facility 
for greatly extending the life of the boilers. The top cylinder could be 
removed, and the engines worked at 60 pounds pressure. Boilers made 
originally for 120 pounds might, at the end of thirty years, if kept in 
repair, be still sufficient for 60 pounds. 
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Mr. Kavenhill. I would like to ask Mr. Kirk one question 5 it would 
be very interesting if he could answer it ; and that is, the relative 
weight of the machinery and water of the steamship Aberdeen com- 
pared to the ordinary form of compound engine of which he has made 
many, and where he has had a similar speed of piston. It would add 
greatly to the value of the paper if he could kindly favor us with that. 

Mr. Reynolds. I venture to raise the question whether people can 
afford this kind of economy. I approach the subject with some diffi- 
dence, because I never heard two papers read which were less dogmatic, 
or which placed their views before us more lucidly and fairly. As far 
as they go they are convincing, that if we want to obtain any useful re- 
sults from a higher rate of expansion than we have hitherto used, we 
must keep down the difference of temperature in each cylinder, and 
therefore must use more cylinders. But the question remains whether 
the economical result obtained is real, and shown in the driving of the 
ship, or whether it exists only on the indicator cards. With ordinary 
compound engines I take for granted, when I hear of a consumption of 
less than If pounds of coal per h. p. per hour, that the ship is doing 
very badly. Of course I do not argue that triple expansion may not 
get a stage further, and I think that it probably will do so; but I have 
this morning looked up a report in the Times of some trials made in 
August last of H. M. S. Nelson, a ship which has some very successful 
engines made under the direction of Mr. Kirk. I ought to say that on 
calling at the Admiralty I do not find this to be an official record, but 
it is certainly typical and instructive. The report appeared on August 
22, 1881. I quote the figures only. With four boilers working, the 
revolutions per minute were 47, the h. p. 1,783.75, mean speed 6.95 knots, 
consumption of coal 1.7 pounds per h. p. per hour. With six boilers 
working, the revolutions were 63J, the h. p. 3,067.01, mean speed, 10.6 
knots, consumption, 1.9 pounds per h. p. With ten boilers working 
for six hours, the revolutions were 80, the h. p. 6,219.14, the speed 13.33 
knots. Now it is obvious that at such moderate speeds the work done 
in driving the ship must be nearly in proportion to the cube of the 
speed, the circumstances being practically the same 5 and the total 
quantity of coal is found by multiplying the given horse-power by the 
rate of consumption given. Cubing the lowest speed and dividing the 
total weight of coal by the cubed speed, we get 9.03 pounds of coal per 
hour for each unit of cubed speed. But at the 10.6 knot speed, when 
the consumption Las risen to 1.9 pounds of coal per h. p., the total coal 
divided by the cubed speed gives only 4.885 pounds of coal per unit of 
cubed speed. That is to say, the work done in driving the ship was, 
when burning 1.9 pounds of coal per h. p. per hour, nearly double as 
much as when burning 1.7 pounds of coal per h. p. per hour. At the 
maximum speed of 13.33 knots, when burning 2.2 pounds of coal per 
h. p. per hour, the consumption of coal per unit of cubed speed had 
risen to 5.77 pounds, that is to say, the point of maximum economy had 
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been passed, but still the actaal result was 50 per cent, better than when 
the aame engines were showing higher results upon the indicator cards. 

Mr. Joy. Mr. Chairman, wiU you allow me to add a word or two on 
an experiment which was tried some six or seven years ago by the Bar. 
row Shipbuilding Company in this direction, that is, with a special boiler 
to test the economy of a higher pressure of steam than was then gen- 
erally used? At these experiments Mr. Parker was present, and will 
no doubt remember them. The steamer was fitted with boilers con- 
structed to carry 120 pounds steam. The engines were compound, but 
had only two cyliDders, one high-pressure and one low-pressure. After 
very carefully conducted trials, I was a little surprised to find that the 
consumption was as high as 1.67 pounds, while we learn that the Aber- 
deen with the same steam pressure has come as low as 1.3 pounds. It 
appears to me, then, that Mr. Kirk's and Mr. Parker's statement of the 
comparatively small variation of the temperature in the cylinders of the 
three-cylinder engine (so avoiding condensation) will account for the 
difference in the consumption of the two systems, and indeed will con- 
firm the experiments. I have the indicator diagrams and all other par- 
ticulars taken at the time, and these are at Mr. Parker's service, if he 
cares to compare them with those of the Aberdeen, as it might be in- 
teresting to note if the calculated loss by condensation in the two-cylin- 
der as compared with the three-cylinder engine would compare fairly 
with the differences of consumption. 

Mr. A. 0. Kirk. My lord and gentlemen, this paper that I have had 
the honor of reading I am glad to say has been subjected to a very full 
and very fair criticism. Mr. Longridge was the first to criticise the 
paper, and I will say generally I think he took the ground that expan- 
sion of steam was expansion of steam, do it as you like, do it in one 
cylinder or do it in a dozen cylinders. So it ought to be, but in this 
world things are not quite as we think they ought to be ; and, though no 
doubt Mr. Longridge has a good many interesting experiments to refer 
to, the whole mercantile marine of this country has been one big experi- 
ment on this subject for the last twelve years, and the result is that it 
has been proved that expansion in two cylinders has worked more eco- 
nomically than expansion in one. I will not go further than simply to 
adduce that fact, which conclusively settles the question. He then refers 
to superheating as giving a greater economy. Of course it does, because 
by it you get the high temperature, and that is what you want. If we 
could get the temperature of steam without so rapid an increase of press- 
ure, we should, be very glad, but unfortunately the pressure keeps ris- 
ing very much faster than the temperature. Now he seemed to think 
that the difficulty was in making a superheater. There is no difficulty 
whatever in making a superheater^ 1 have superheated steam so that 
it would set a piece of wood on fire when it was blown on ; but the dif- 
ficulty is to produce an engine to work with highly superheated steam. 
Although I am prepared to take in hand an experiment about as freely 
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as most people, I am certainly uot prepared to advise any of my friends^ 
as a commercial matter, to put money in work with which I have to do, of 
so purely experimental a type, and which may be just as likely to fail as 
not, and perhaps more likely. We know that with highly superheated 
steam you cannot lubricate the surfaces, and that they wear excessively. 
The only approach to lubrication that is practicable is by keeping the 
cylinders as cold as possible, and then you can condense a little steam 
on their inner surfaces, but then the goodness of the superheating has 
to a great extent been lost. Now, when I come to Mr. Cowper's re- 
marks I feel some diffidence. Mr. Cowper is an old authority on this 
subject, and to Mr. Oowper is largely due, at all events practically due, 
the introduction of thfe present receiver type of compound engine. There- 
fore, as I say, 1 speak with some diffidence. When Mr. Cowper takes 
the indicator diagram there, and the whole expansion is supposed to be 
properly performed, no doubt he is quite right when he says 12 per 
cent, or so is about all you can gain. But while this is true, it is largely 
modified in practice by the way in which it is carried out, and this is 
the point which formed the subject of the paper. Steam jackets were 
for along time considered to be the panacea of all evils. Certainly 
steam jackets do this much : if the engines go slow enough, and give the 
heat time to be conducted from the outside of the barrel to. the inside of 
it, the steam* jacket will keep the inside of the cylinder at the tempera- 
ture of the admitted steam ; there will be no steam condensed, and if no 
water comes into the cylinder the only steam evaporated towards the 
end of the stroke will be the steam condensed in doing work. However^ 
I will come to that point by and by. But then, it is not always the case 
that we get steam free of water. My friend Mr. Macfarlane Gray says 
that the best steam we have is water suspended in perfect gas, but we 
even get a little beyond that, and get in ordinary steam a good deal of 
actual unquestionable water suspended in it, and when we get to that 
length the effect of the steam jacket is to make the cylinder a steam 
boiler. Now' there is not much harm that happens in a high -pressure 
cylinder by this evaporation of water, but when you get down towards 
the end of the expansion of the steam, and you begin there to evaporate 
any tangible quantity of water, I cannot at all see what good you have 
got by it. You certainly would better have got that water straight 
out of your cylinder than have gone and spent that heat direct from 
your boiler, the heat of the high-pressure steam, to generate a certain 
quantity of very low-pressure steam that has only a very little work left 
for it to do. I cannot see that when the jacket begins to have that 
function it is doing right; and when you get to long ranges of expan- 
sion it is hard to see how the jackets can help doing it. There is another 
method, besides the use of jackets, of preventing the large variations 
of temperature (in which there is no harm in itself if the cylinder tem- 
perature could follow the temperature of the steam), and along with that 
the large condensation and re-evaporation that wbo take place, and that 
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is to divide the expaDsion into steps, and to keep the change of tempera- 
ture in any one cylinder comparatively small. You might conceive the 
49teps so numerous and the range of temperature in each so small that 
jackets would be quite useless. I think in pmctice, in the ordinary 
marine engine, we are now in this position, that jackets are not of very 
much use. I do not think it is very necessary to dispense with them ; 
they are convenient, at all events, to heat up the engine, and though 
some little economy can be gained at sea by them, if they are careftilly 
worked, at the best it is not much; and we know that, as Mr. M^rcfarlane 
Oray suggested, steam jackets are about the last thing marine engineers 
bother themselves about. It is just as likely that you will find the 
steam jackets filled with water to the top as anything else, or, if not, on 
the other hand, the drain cock is wide open, blowing away a continual 
rush of steam into the hot well, and probably overboard. 

Mr. CowPEB. ITot necessarily. 

Mr. A. C. KiBK. Hence I really do think the receiver type of engine 
(apart from the Woolf engine) got a great start from not depending iha- 
terially on the i^fficient use of steam jackets, whereas the Woolf engine 
did. In Mr. Elder's Woolf engine (for such his comi)onnd engine was), 
for instance, in the four-cylinder engines of his paddle boats, the steam 
in the high-pressure cylinder, after working through the range of ex- 
pansion to the end of the high-pressure stroke, expanded simultaneously 
in the high and low pressure cylinders, and the high-pressure cylinder 
was reduced to the temperature of the release of the steam to the con- 
denser. Thus the high-pressure cylinder passed through the full range 
of temperature possible, excepting the drop from the temperature of re- 
lease to that of the condenser, and the practical effect in these paddle 
engines, if the jackets were neglected in the very least degree, was to 
produce sach a cracking noise from water, in the bottom of the cylinder 
particularly, as would rather frighten you. I confess at first I did not 
see the cause with the first pair I had through my hands, and got a bit 
of a scare, but one of the old hands said, '^ Let me open the jacket drain 
eock at the bottom." He did so, and it was all right. What I have said 
comes to this: that I do not quite sympathize with what Mr. Oowper 
has colloquially called his "hot pot." I confess if he could heat it with 
waste heat, good ; but if we take the heat out of the boiler to heat it, I 
do not quite see the advantage of it. 

Mr. Oowper. Might I add one word of explanation ! With isolated 
steam 480 degrees doubles the bulk, but it takes 1,000 degrees to make 
a bulk of steam from water; therefore you get it at something less than 
half the cost. Isolated steam heated produces more power than water 
heated. 

Mr. Kirk. Mr. Oowper spoke of the Briton burning 1.3 lbs. of coal 
per horse-power, but I do not quite understand it, because I do not 
think it has ever been done since in the navy, and our friends in the 
navy are always very sharp in adopting the best practice. Perhaps it 
<5an be explained further. 
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Mr. OowPBR. It was an Admiralty trial under (xovernment; it was 
1.98 on the measured mile, and 1.6 and 1.4 at various speeds, and 1.3 
at 10 knots. 

Mr. A. C. Kirk. I do not think it is necessary for me to refer to Mr. 
Macfarlane Gray's remarks. We shall have his paper, no doubt, and I 
dare say more fully developed. I can only thank you for the patience 
you have had. 

Mr. W. Parker. At this late hour, my lord, I will content myself 
with only a few remarks. I listened with great interest to what fell 
from Mr. Longridge, whose opinion, arrived at in the full light of his 
recent researches into the preformance of land engines, is of much value 5 
but it is contrary to the experience of all marine engineers. I should 
like to di aw attention to the fact that measuring the efficiency of a land 
engine is one thing, and measuritig the efficiency of a marine engine 
quite another thing. In a land engine you can accurately ascertain the 
work performed, and the amount of water used in generating the steam 
so that the efficiency can be ieasily determined, while in a marine engine 
the conditions are very different. In the first place, marine engines are 
so powerful, as compared with those on land, that it would require a 
very large and complicated appliance to measure the amount of feed 
water used; and, secondly, even if this were made, it would be almost, 
if not quite, impossible to maintain precisely similiar conditions as 
regards weather, &c., in different trials, so that we can never hope to 
have such accurate data for marine engines as that obtained from land 
engines by Mr. Longridge. Mr. Longridge's opinion that we should 
expand our steam in one cylinder only was shared by many of our emi- 
nent marine engineers years ago, and I may give you one instance out 
of several where the idea had a tair trial and failed. Many of you will 
doubtless remember that in the year 1872 the Allan Line went to the 
expense of fitting their steanaer Circassian with a pair of engines of 
about 2,500 i. h. p. to work at a piessure of 60 lbs. per square inch, 
having an early cut-off, and expanding the steam in one cylinder only. 
These engines worked for a few voyages in the Atlantic trade, and it 
was found that the shock at the commencement of the stroke and the 
consequent vibration of the vessel were so great as to render it impos- 
sible, if not even dangerous, to drive the engines at full speed, while 
the consumption was found to be greater than with the engines of the 
same power expanding by two cylinders. So far convinced was Mr. 
Wallace, the company's superintending engineer, of the unsuitableness 
of these engines that he advised the company to replace them with 
ordinary compound engines, which were accordingly fitted. This is 
only one of several cases where it has been proved that expanding 
steam in a single cylinder in a marine engine is not the most economi- 
cal arrangement for the propulsion of a steamship. With regard to 
Mr. Oowper's remarks about jacketing, I may say that our experience in 
the Aberdeen amounted to this : Both the middle and low pressure 
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cylinders are jacketed with steam from the boilers, and the engines 
were worked for three or four hours with the steam in the jackets, the 
drain water being gathered in two tanks, so as to enable us to ascertain 
the weight of steam used in the jackets, and indicator diagrams being 
taken at intervals of about a quarter of an hour; the engines were then 
worked for a few hours with the jackets free from steam, indicator cards 
being again taken at short intervals ; and on comparing the results we 
found that if about the same weight of steam that was used in the jack- 
ets were utilized in the cylinders we should get practically the same 
result. Mr. Scott asked about the curves exhibited on Fig. 2 (Plate II, 
Mr. Parker^s paper). Well, the indicator diagrams shown on that 
figure are taken from a two-cylinder compound engine, constructed to 
work at a pressure of 125 lbs. per square inch — the same pressure as is 
used in the three-cylinder or triple expansive engine shown on Fig. 1 
(Plate I, Mr. Parker's paper) -, and it will be observed that on the h. p. 
card there is a considerable space between the curve shown by the dia- 
gram and the adiabatic curve, or curve of perfect engine, the cause being 
undoubtedly the large amouutof initial condensation taking place in that ' 
cylinder. Mr. Joy made a remark about the steamer Howard, built 
by the Barrow Shipbuilding Company. She had an engine very similar 
to that represented in Fig. 2, and her engines worked at the same press- 
ure; but the ratio of cylinders was very different in the two cases, 
very little expansion taking place in the h. p. cylinder of the Howard. 
In this paper I have carefully avoided saying anything about consump- 
tion of fiiel in relation to indicated horse-power, and have merely tried 
to show the loss that must take place in an engine working at high 
pressures and with long ranges of temperature from condensation only; 
but the actual efficiency in any one engine depends very largely upon 
the details of the slides and ports, so that in considering the efficiency 
of any type of engine, it is not sufficient to draw comparisons between 
it and an engine of different type, unless the arrangements alluded to 
are equally well designed in each case. 

The President. It only remains for me to convey our thanks to Mr. 
Parker and Mr. Kirk for their most interesting papers. 
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III. 

LLOYD'S RULES AS AFFECTING MARINE BOILER CONSTRUCTION. 

By J. T. Milton, Esq., Jssistant Chief Engineer Surveyor to Lloyd^e Register y Member, 

[Read at the twenty-third session of the Institution of Naval Architects, 30th March, 
1882; the Right Hon. the Eaul of Ravensworth, president, in the chair.] 



At a recent meeting of the Institution of Mechanical Engineers at 
Newcastle, a notable paper was read by Mr. O. F. Marshall on " The 
Progress of Marine Engineering,'' in which appears a statement to the 
effect that " the ordinary marine boiler, incumbered as it is by the reg- 
ulations of the Board of Trade and of Lloyd's Committee, does not ad- 
mit of much reduction in the weight of material or of water carried 
when working." In the discussion which followed, Mr. Kirk remarked 
that " a locomotive boiler which is considered safe on a railway would 
not be passed for use in a steamer at the same pressure"; while Mr. 
Marshall explained that though he did not complain of the restrictions, 
" yet restrictions existed, and as long as they did exist they would have 
difQculty in modifying the form of marine boilers materially," and he 
indorsed the remarks as to the locomotive boiler qu shipboard. 

Such statements as these, coming from such well-known authorities, 
and so widely circulaticd as they have been, will, in my opinion, tend 
to produce the erroneous impression in the minds, of ship-owners that 
Lloyd's Register is an obstructive institution, preventing them from 
obtaining all the advantages of high-steam pressure. In the present 
paper I shall endeavor to prove that this is not the case, by showing 
that the only restrictions imposed by Lloyd's Register are such as are 
actually demanded by considerations of safety. 

I would here venture to remark that the experience of the Surveyor's 
to Lloyd's Register, gained in the periodical examinations of marine 
boilers of all types, gives them exceptionally good opportunities of 
judging not only of the original strengths required for the structures 
to withstand the wear and tear to which they are subjected, but also of 
the defects of different modes of construction ; as probably no persons 
in the kingdom have so many and such varied examples of marine boil- 
ers of all descriptions, of all ages, and in all stages of corrosion passing 
continually under their inspection. 

First, as to the restrictions regarding forms or types of boilers. 
Lloyd's Rules require any novelty in the construction of either boilers 
or machinery to be specially submitted to the committee at as early a 
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date as possible. The merits and demerits of each plan thus submitted 
are very carefully considered, and in very few cases indeed have the 
committee of Lloyd's Eegister refused entirely to sanction any arrange- 
ment which has been proposed to be actually used. In every case of 
novel boilers in which it was evident that the original design or a modi- 
fication of it fully provided for safety, unconditional approval has been 
given, whilst in many cases in which it is considered that the continued effi- 
ciency and safety of the boilers for long periods are dependent upon more 
than ordinary care and attention being bestowed upon them, they have 
been approved of, subject to their being frequently submitted to survey* 
I may mention that nine types of novel boilers have been passed uncon- 
ditionally by Lloyd's Eegister, six types have been approved of subject 
to frequent resurvey, while the Perkins and Howard boilers are the 
only types which have been strongly objected to and disallowed. 

Of these novel boilers, those of the last-mentioned types have already 
been taken out of the steamships Wandei^er and Howard, respectively, 
at the instance of their owners, and replaced by others of ordinary form 
of the nine passed unconditionally, two have been taken out of the ves 
sels in which they were fitted, and two have been materially modified, 
after a few months' trial, on account of their not giving economical re 
suits equal to the anticipations of their designers, not in either case on 
account of their having proved to be dangerous ; of the five types of 
boiler approved of subject to frequent examinations, the results in every 
case have proved that the restrictions prescribed have been absolutely 
required, one type of boiler fitted in two coasting steamers having been 
found to have become somewhat damaged in the short space of three 
months between consecutive surveys ; whilst two sets of similar boilers 
fitted in vessels not classed in Lloyd's Eegister making longer voyages, 
and therefore not subjected to the same amount of supervision, became 
absolutely dangerous, through their having been allowed to become 
dirty, and these have had to be removed. 

I think that this clearly shows that so far as form of boilers is con- 
cerned, any restrictions imposed by Lloyd's Eegister have not been un- 
called for, while I think it will be conceded without question that on 
the subject of the use of mild steel for marine boilers coming to the front, 
the action taken by Lloyd's Eegister in approving of the material on 
being satisfied of its quality, greatly facilitated its introduction. 

Kext, with regard to the restrictions imposed by Lloyd's Eegister in 
the matter of strength. All structures must be made with a strength 
in excess of the load which they are designed to bear, in order to pro- 
vide lor their safety in the event of the occurrence of any or all of the 
following contingencies : — 

Latent defects or flaws in the material. 

Errors or defects of workmanship. 

Exceptionally severe strains which may possibly be brought to bear 
upon the structures by causes other than those which they are designed 
to resist. 
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The weakening effects of corrosion or wear and tear. 

Upon the relative probabilities of the occurrence of these contingen- 
cies in different structures depends the excess of strength required in 
their design, the proper allowance for each of the causes being deter- 
mined by actual experience. In the case of marine boilers, it is with 
the last-mentioned cause that we have principally to deal. As I have 
previously stated, the surveyors of Lloyd's Eegister possess exceptional 
advantages in observing the effects of corrosion, and this experience 
was brought to bear upon the subject at the time when the rules for the 
strengths of boilers were revised some three years ago. 

I have recently examined into the original scantlings of a large number 
of boilers made by eminent firms of marine engineers, and fitted on board 
vessels classed in Lloyd's Jiegister just prior to the time when the oflBl- 
cers of that society commenced to survey machinery, confining my ex- 
amination to the cases in which the boilers had not been built under 
Board of Trade supervision, and where the manufacturers were, there- 
fore, to a large extent untrammeled and left free to carry out their own 
ideas on the subject of strength ; and in every one of these cases the 
boilers would now be allowed by Lloyd's Eules to work at a pressure 
considerably above that for which they were designed. I find that on 
an average they would be allowed 25 per cent, greater pressure as re- 
gards the cylindrical shells, 44 per cent, greater pressure as regards the 
combustion chamber plating, 38 per cent, as regards stays, and 38 per 
cent, as regards furnaces, while in many cases the strengths far ex- 
ceeded these averages. Of course, in regard to*the surplus strength of 
furnaces, and to some extent also in some cases in regard to the com- 
bustion chamber plates, it is difficult to work exactly down to any fixed 
rule, as an extra 3-^3 on the thickness of the plate will increase the 
strength about 15 per cent.; but there is no such difficulty in regard to 
the shells, and this large margin shows that Lloyd's Eules in this case 
have not thrown obstructions on the previous practice, while the fact 
that the present rules are now worked down to by nearly all makers 
seems to show that, on the contrary, by inspiring confidence in less 
scantlings, they have really led the way for an increased pressure being 
carried by the same type of boiler to the extent of at least 25 per cent. 
That this confidence has not been misplaced is shown by the remarka- 
ble immunity from serious accidents of boilers which have been passed 
by Lloyd's Eegister ; but, at the same time, I will endeavor to show that 
much, if any, further reduction of scantling would be imprudent, taking 
into account the deterioration to which all parts of boilers are liable. 

First, let us take the case of cylindrical shells, the great thickness of 
which is the greatest obstacle at present to the carrying of increased 
pressures with the present type of boiler. 

Lloyd's Eules provide a different coefficient of stress for boiler shell 
plates, according as the longitudinal seams are made with lap or butt- 
strapped joints, and as the rivet holes in these joints are drilled or 
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panched, the coefficients also varying with the thickness of the plate 
employed. Messrs. Parker and John some time ago carried out a series 
of experiments in order to determine the loss of strength of steel plates 
occasioned by punching the rivet holes without subsequently annealing 
the plate, and at the same time, in order to obtain comparative results 
in the case of iron, they made similar experiments with various thick- 
nesses of iron plates. Their experiments showed, without doubt, that 
iron loses considerably in strength by punching, although to a less ex- 
tent than steel; but we can scarcely assume that the loss of strength 
is less than 10 per cent., as in most cases it was found to be more than 
this. Lloyd's Rules provide for a stress of about 10 per cent, less being 
borne by punched plate than by the same plate in which the holes are 
drilled ; at the same time, as experiments do not show that rivets are 
any stronger in drilled than in punched holes, the same stress is prac- 
tically allowed upon them in each case by reducing the larger coefficient 
of stress by 10 per cent, so far as the rivets are concerned for cases in 
which the holes are drilled. Practically, if boiler plate unpunched is 
credited with a strength of 20 tons per square inch, Lloyd's Rules credit 
the punched plates, and also the rivets either in punched or drilled 
holes, with a strength of 18 tons per square inch. 

Lloyd's Rules in new boilers made with lap joints allow a stress of 
7,750 and 8,500 pounds per square inch with thin plates, say ^^e thick, 
according as the holes are punched or drilled, in ^ plates they allow 
8,250 and 9,000 pounds, in -^f and thicker plates they allow 8,500 and 
9,500 pounds per square inch, respectively. These figures, neglecting 
all possible imperfections of workmanship, and assuming a strength of 
plate of 18 and 20 tons per square inch, respectively, give a margin of 
strength of 5.2, 4.9, and 4.7 times, respectively. If these plates become 
uniformly corroded to the extent of -j^ of an inch, the same working 
pressure will produce stresses of about 9,300 pounds and 10,200 pounds 
per square inch in each case, the margin of strength being in all cases 
reduced, to about 4.4 times, while a corrosion of |^ of an inch in the three 
cases reduces this margin to 3.5, 3.8, and 4.0, and a corrosion of -^ 
brings these numbers to 2.6, 3.3, and 3.6, respectively. This amount of 
corrosion is not an uncommon amount to be met with in boiler shells 
six or eight years old, and would so lessen the strength of the thinner 
plate as to demand a considerable reduction of the working pressure, 
while even in the thicker plate the margin of strength is less than many 
prudent engineers would care about working with, considering that 
these figures do not provide for any contingency as to defective material 
or workmanship. 

In shell plates fitted with double butt straps, if the straps are origi- 
nally made somewhat thicker than the half of the thickness of the plates, 
a considerable uniform corrosion can take place without weakening the 
joint at all. For instance, suppose the butt straps are made | the thick- 
ness of the plate, and the strength of the joint is made to be originally 
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75 per cent, of that of the solid plate, then a uniform corrosion to the 
extent of J of the thickness of the plate will reduce throughout to that 
of the riveted joint, so that the only loss of strength the structure would 
receive is that gained by the crossing of the joints — an amount which 
experiments have shown to be very small with the wide plates now 
generally used. On the other hand, corrosion is often very far from 
uniform, and in the event of a leaky joint— a by no means unknown oc- 
currence in the bottoms of boilers — the corrosion always found at neg- 
lected leaky places will attack the weakest place, the joii.t itself, and 
will really weaken the structure. Taking these points into considera- 
tion, Lloyd's Rules allow a greater stress with double butt strapped 
joints than with lap joints, although not so much the greater as the 
uniform corrosion theory alone would justify. 

Coming now to stays: The greatest stress allowed is 6,000 pounds per 
square inch calculated from the smallest part of the stay, both with 
large and small stays ; but when we consider that large stays are almost 
invariably made with raised threads and have the ends welded on, and 
that the strength of the welds cannot be relied upon to be equal to that 
of the rest of the bar, and also that the smaller screw stays have the 
threads left on them, and are thus to some extent protected from cor- 
rosion, we see that a very appreciable amount of corrosion on each will 
be required to bring their strength to an equality. 

In flat plates supported by stays, and also in circular furnaces sub- 
jected to external pressure, we find a deal of difiiculty in estimating the 
pressure which will produce a given amount of stress. In all the ex- 
periments on these joints with the results of which I am acquainted, the 
principal point observed has been the ultimate pressure producing rup- 
ture or collapse. In some only of the cases have the bulges and sets at 
the diflferent pressures been carefully observed,, while the critical press- 
ure at which permanent set was first produced has in most, if not all, 
of the experiments on flat plates, to be estimated to be between two 
pressures, more or less widely apart, as the stages at which the obser- 
vations were made were few or numerous. For instance, in some of a 
very extensive set of experiments made recently, it is recorded that 
there was no set or bulge at 50 pounds, and ^ set at 100 pounds in one 
case, while in another there is no set recorded at 200 pounds and ^ set 
at 300 pounds pressure, the results thus giving no definite knowledge 
as to the exact proof pressure within 50 per cent, of the truth in the 
first case and 33 per cent, in the second. Experiments conducted in 
this way are nearly useless, so far as concerns any light they throw upon 
the elastic or useful strength of flat plates supported by stays. 
• Now in most structures the stress produced in any part is propor- 
tional to the load producing it, not only up to the elastic or proof stress, 
but also up to the ultimate strength of the material, so that an experi- 
ment giving the ultimate strength of the structure will also give a 
fair idea of its proof or elastic strength, if the ratio of the proof stress 
2872— No. 16 3 
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to the ultimate strength of the material is known. In the cases both 
of flat plates and furnaces, however, this does not hold good. With 
both, so soon as the proof strength is exceeded, the ratio of stress to 
load becomes widely different from what it was before. In the case 
of the flat plates, when a large amount of bulging has been produced 
by the pressure, the material is evidently wholly in a state of tension, 
whereas up to the proof strength the material must be in tension only 
where it becomes convex, and in compression where it becomes concave. 
The ultimate pressures such plates will bear are therefore, with ductile 
material, considerably more than double their proof pressures, being 
more proportional to the ductility or power of stretching than to the 
original stiffness or rigidity of the plates. Further, it is to be remarked 
that in all boilers it is impossible to keep the plates exposed to the ac- 
tion of the heat of the furnace gases absolutely clean, and a very thin 
scale upon the water side of the plate is suflScient to offer such an ob- 
struction to the flow of heat through it that the plate must become 
somewhat overheated, and when more than a very thin scale is allowed 
to accumulate the plates must get very hot and lose considerably in 
rigidity. This contingency has to be provided for, as well as the loss of 
strength due to corrosion. As a matter of fact, we find that very few, 
if any, old boilers have their chamber-plates unbuckled, whilst, in very 
many comparatively new boilers, the plates are largely bulged through 
overheating alone, althoitgh they are found to be of their original thick- 
ness and to have a large margin of strength when cold. These consid- 
erations must not be lost sight of when comparing the pressures which 
are allowed in practice with the ultimate strengths found by experi- 
ments upon cold plates. 

Lloyd's Eules give a larger coefficient for J inch than for ^^ plates, 
thus to some extent providing for corrosion, and they also give a greater 
coefficient for plates in which the stays are fitted with* nuts than for 
those in which the heads are riveted, on account of the greater security 
afforded by the former method of securing the stays where buckling of 
the plates is to be apprehended. With regard to the rules as they are 
at present for flat plates, I think I may safely say that they do not throw 
any serious obstacle in the way of working with a pressure of 200 pounds 
per square inch, which largely exceeds any pressure that is either being 
used or contemplated at present, whilst experience gained with old 
boilers does not warrant any reduction of scantlings from those now re- 
quired. 

In the cases of furnaces, we very much require some elaborate and 
costly experiments to determine the true law as to their actual strengths, 
the number of experiments made on full-sized furnaces up to the pres- 
ent being very small. Fairbairn's experiments were made principally 
on small models, and the rule he deduced, or modifications of it, have 
generally been used by engineers in designing flues ; but, unfortunately, 
this rule does not well apply to the dimensions of furnaces usually 
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adopted iu marine boilers. For instance, it cannot be considered that 
a flue 7 feet long and 3 feet 6 inches diameter, made of ^-inch plates, 
would have its strength doubled by fitting an anti-collapsing ring at the 
middle of its length — a result which Fairbairn's Eule would lead one to 
suppose. 

Eecently, Mr. Fox, of Armley, Leeds, has made some experiments on 
flues about 7 feet long and 3 feet diameter, but as his experiments were 
made solely as a means of comparison of plain i\ corrugated flues, va- 
rious lengths and diameters weie not in cessary for his purpose, and 
were accordingly not used. In these experiments it is to be noted that 
all the plain flues collapsed at a much lower pressure than that deduci- 
ble from Fairbairn's Eule, from their dimensions and thickness. 

Although there is such a lack of experiments giving the actual col- 
lapsing pressures of furnaces, we have an immense number of experi- 
ments of a negative character. The great number of actual furnaces 
at present running safely show that their collapsing pressure is at least 
greater than that at which they work, and thus prove that the lailes 
by which they were designed provide at least sutiicient strength for 
J)ractical purposes, while not one of the many cases coming under my 
knowledge of actual collapse of turuaces at the ordinary working press- 
ure has been due to constructive weakness. In some of the cases the 
cause has been clearly seen to be shortness of water, in others it has 
been the accumulation of lime scale, in several others it has been the* 
accumulation of a peculiarly tenacious scale, apparently principally 
composed of precipitated carbonate or sulphate of lime from the wattr, 
intimately mixed with mineral oil from the cylinders. A very thin 
coating of this greasy deposit appears to be quite as non-conducting as 
a much thicker deposit of crystalline scale. Several collapses are trace- 
able to a deposit of common salt, through allowing the density of the 
water in the boiler to gradually accumulate up to the saturation point; 
anil in one at least of the two or three cases in which the furnaces have 
lately collapsed, but have been found to be perfectly clean on the ves- 
sel's arrival in port, this accumulation of salt has been the cause of the 
accident, but the engineers have, by freshening the water after the ac- 
cident, dissolved the deposit. All these cases come under the cate- 
gory of overheating, not of structural weakness, for although the use to 
which furnaces are put necessitates their being raised to a temperature 
somewhat above that of the steam, and therefore requires their being 
made thicker than would suffice to withstand the working pressure if 
they were always cold, yet no thickness of plate whatever will give 
sufiicient ^rigidity at a red heat to prevent such accidents if thej^ are 
subjected to such conditions. 

In investigating the strength of furnaces, and in deciding upon what 
margin of strength is necessary to provide for safety, it must be remem- 
bered that, unlike most other structures, their proof strength is also 
their ultimate strength. Up to their proof strength their material is 



3o 

subjected to simple compression, but so soon as this is reached defor- 
mation commences, and the material then fails, by cross binding, at a 
much lower pressure than it stood before alteration of form. In fact, a 
slight deformation produces such a considerable loss of strength in a 
tube subjected to external pressure, that it appears that the important 
factor to be ascertained in any flue of given diameter and thickness is 
not so much its length as its roundness. 

Lloyd's Kules for furnaces are a modification of Fairbairn's Eule, with 
a limit as to the effect of short lengths. They do not take into account 
the form of the joint of the plates, whether welded, lapped, or butt- 
strapped, or whether the rivet holes are punched or drilled, as careful 
measurements of a great number of furnaces, as actually made, show 
that the roundness, or rather the want of roundness, in practice does 
not depend upon the joint at all, but depends upon the care bestowed 
on the workmanship, the furnaces most nearly round being often found 
to be those with lap joints, while welded flues are often far from cylin- 
drical. 

If further experiments are made upon the strength of flues, I do not 
think that they can very much affect the existing pressures carried by 
furnaces of the proportions at present used, but if the rules for fur- 
naces do bear hardly upon engineers, I feel sure that if they will prove 
by actual experiment, as Mr. Fox did with his corrugated flues, that 
any modification of them will provide for safety, making due allowances 
for the yreakening by corrosion and other contingencies, the Committee 
of Lloyd's Register would not be found to raise obstructive objections. 

With regard to the statements I quoted at the commencement of this 
paper as to the use of locomotive boilers for marine purposes, I would 
wish to remark that the conditions under which marine and locomotive 
boilers work are widely different. Locomotive boilers may be kept 
under constant skilled supervision, while marine boilers are often away 
on voyages of many months' duration. Locomotives, again, not being 
fed with sea water, do not in general suffer so much from corrosion, nor 
from the accumulation of non-conducting scale, as marine boilers, and 
therefore they do not require at first such a large margin of strength 
beyond the working pressure ; but I think it very doubtful if old loco- 
motive boilers are allowed to run with less margin of strength than old 
marine boilers before they have their pressure reduced or are broken 
up, and it is at this stage of their existence, if at all, that their relative 
strengths should be compared. 

At the present time, while many engineers are looking to the loco- 
motive type of boiler as offering some advantages in point of weight 
over the marine boiler as at present in use, it may be interesting to 
know that one of the boilers passed unconditionally by Lloyd's Begis- 
ter was of the locomotive type, but its performance during the first voy 
age of the vessel was so unsatisfactory that the owner ordered another 
boiler of ordinary type to replace it, and it was taken out of the vessel 
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after about six months' work. In this boiler, even after three months' 
work, the sides of the fire-boxes commenced to bulge between the stays, 
although they were kept as clean as it is possible to keep marine boil- 
ers, and the water spaces were thought to be ample, being 6 inches wide 
at the lowest part, the circulation of water in these spaces also being 
supplemented by external circulating pipes. The flat-sided fire-box 
does not seem, from this, to be well suited for marine boilers, and fur- 
ther experience with this and with other novel boilers has shown that 
when the tire-door is open, the cold air rushing in direct to the tubes 
contracts them at the ends and causes them to leak 5 whereas in the 
ordinary boiler this air has to pass close over the fire before reaching 
the tubes, and consequently gets heated and does not do so much mis- 
chief. 

Up to the present time, I believe that the reason why the ordinary 
type of boiler is almost invariably applied for marine i)urposes is not on 
account of any restrictions imposed upon new types by Lloyd's Regis- 
ter or by an> other controlling body, but solely because the great diffi- 
culties of designing a marine boiler which shall meet all practical re- 
quirements better than those of ordinary type have been greater than 
the inventive genius of our marine engineers has been able to overcome.. 
In conclusion, let me say that I feel sure if marine engineers will design 
and submit any improved boiler to* the Committee of Lloyd's Register 
it will have very careful consideration, with a view to encouraging any 
safe advance, but safety must be the first consideration. 



DISCUSSION, 



Mr. John Scott, My lord, may I be permitted to make an obser- 
vation or two on this paper*? I certainly wish to congratulate Mr. Mil- 
ton upon the very fair way in which he has gone over all the points in- 
volving difficulties in construction of marine boilers, explaining so fully 
to the marine-engineering profession what his society is prepared to do. 
It is impossible in the time allotted to go over the whole of the points 
involved in this paper ; but if I may be permitted, I should like to make 
a few observations on those paragraphs of Mr. Milton's paper which 
deal with the question of furnaces, both because he seems to give con- 
siderable prominence to that part of the question in his paper, and be- 
cause certainly in ray opinion, and I may say in that of my brother 
marine engineers, that is jjossibly the most difficult point connected 
with the construction of marine boilers, if we are to proceed at the ad- 
vanced pressure which the paper we heard yesterday by Mr. Kirk, and 
the diagrams shown on the wall in illustration of Mr. Parker's paper, 
lead us to imagine is likely to take place in the future. Mr. Milton re- 
fers in the case of furnaces to some recent experiments which have been 
made to determine whether the law which has been accepted, as he says. 
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and I believe with truth, by most marine engineers, namely, that put 
forward by Fairbairn many years ago as to the strength of circular 
furnaces, was true or not. 1 had the pleasure of conducting those ex- 
periments in conjunction with Mr. Fox, whose name is mentioned in this 
paper, happening to be chairman of the company in which he is manag- 
ing director ; and I believe the experiments which were then conducted 
were the first and only ones which have ever been carried out on a 
large scale with the view of determining what the strength of circular 
furnaces ought to be. Those experiments were necessarily, in view of 
the great expense attending them, restricted to furnaces of one length 
only ; and I certainly agree with the opinion put forward by Mr. Milton 
in his paper, that if anybody could be found to undertake the expense, 
it would be very desirable if that series of experiments were extended 
and the whole truth of the matter were ascertained. I think it certainly 
would be a very proper matter if the Board of Trade would undertake 
this question. I must on this occasion acknowledge the very great in- 
terest which the Board of Trade engineer officers have taken in follow- 
ing the course of those experiments, and the very great assistance also 
which they have given, equally with the officers of Lloyd's Registry, in 
attending those experiments ; but I think it would be exceedingly de- 
sirable if the suggestion made by Mr. Milton were carried out by some- 
body, and certainly the Board of Trade, as representing the country, 
would be the most natural authority by which it might be carried put with 
advantage. I would only wish to add one or two other observations, 
and one of them is in reference to the paragraph in Mr. Milton's paper, 
referring to the desirability of having the furnaces as circular as pos- 
sible. He states that " a slight deformation produces such a considera- 
ble loss of strength in a tube subjected to external pressure that it ap- 
pears that the important factor to be ascertained in any flue of given 
diameter and thickness is not so much its length as its roundness." 
Kow, from having followed a number of those experiments, I can bear 
out very fully what Mr. Milton states. It was a matter of extreme sur- 
prise to all those present, when the first ordinary circular furnace was 
collapsed by the Leeds Forge Company, to observe that after the first 
change from the circular to a slight depression of curve how very 
quickly the furnaces came down. I am sure that anybody who has not 
seen a furnace proved to destruction would be astonished by the facts 
that have been brought out by those experiments. It must certainly 
be the case that an enormous nuihber of the ordinary furnaces 
which are now in use, not only in the steamers of this country, but also 
in the land boilers of this country, are on the very point of collapsing, 
though the persons in charge of them do not know that it is so. See- 
ing that that is the case, clearly proved by the Leeds experiments — 
and I know Mr. Parker, who has seen'a great deal of those experiments, 
will bear out what I say — it is of enormous importance for every user 
of a marine furnace to ascertain that he is getting it as circular as it is 
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possible to make it. Bat while I state those facts to confirm what Mr. 
Mil\:on has placed before us, I would wish to state that this is only true 
when the furnace is a plain circular tube. It ceases to be a fact when 
the furnace is divided into short lengths, such as those produced by 
Mr. Fox's corrugated furnace. That fact has been brought out most 
undoubtedly under the very extreme pressures to which those furnaces 
have been subjected, that collapse does not take place with the rapidity 
it does in a common furnace, simply because the circular projections 
in the furnace constitute a source of resistance which prevents the tend- 
ency to collapse which takes place in a plain round furnace. And I 
certainly would wish to take exception, as regards all forms, of the fur- 
naces, to the statement made by Mr. Milton in his paper. There is also 
another point which has been brought out in the experiments to which 
I have referred, which is this : that the ordinary form of supporting a 
furnace by adding a joint in the center, such as that known as Adam- 
son's joint, or by the addition of rings, does not add the strength which 
the use of Fairbairn's formula would have led one to anticipate. Cer- 
tain experiments made by the Board of Trade by the machinery pre- 
pared at the Leeds Forge has led conclusively to that result, though 
those experiments were not made at the time exactly with the view of 
determining the question. I think all those points go very strongly to 
make it most desirable that a series of elaborate experiments should 
be carried out, with a view of putting this most important matter clearly 
before the marine engineers of the profession. 

Mr. Eavenhill. I shall be pleased to offer a few remarks, because 
it is now some years since I first made the acquaintance of Mr. Parker, 
at the time when he was an oflBcial of the Board of Trade. That 
acquaintance was caused because a question arose as to the strength of 
certain boilers that we had fitted on board some vessels at Newcastle, 
basing our experience on that obtained during the Crimean war, when 
we fitted many high-pressure boilers in vessels of the Royal Kavy. At 
that time 60 pounds of steam — in those particular boilers it was 75 — 
was considered as a very heavy pressure. Mr. Parker carried out (and 
he was quite right) the instructions he received from headquarters, 
and he told us he could not pass those boilers fur 75 pounds' steam. I 
went to the Board of Trade, and I said, "Gentlemen, those boilers have 
stood an hydraulic test of 150 pounds on the square inch ; that is con- 
sidered a sufficient proof by the Admirality that those boilers would be 
competent to do their work." After very considerable trouble we suc- 
ceeded in obtaining a very short-lived certificate for that vessel from 
the Board of Trade. But, before that certificate had expired, the Board 
of Trade were in London brought face to face with one of the greatest 
marine engineers, if not the very greatest marine engineer, that England 
ever produced. I allude to the late Mr. John Penn. He had fitted for a 
well-known London firm boilers to carry 70 pounds; and when he went to 
the Board of Trade, or rather when the owners went there for a certifl- 
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cate, 60 pounds is all the Board of Trade would allow them to carry. 
The Board of Trade, as in our case, ignored the hydraulic test: they 
would not listen to it. The owners of that vessel treated the Board of 
Trade in a different way to the owners I myself had to deal with at New- 
castle; the owners simply said to the Board of Trade, in effect, "We have 
more confidence in Mr. Penn's opinion than we have in yours, and that 
ship goes to sea, and we defy you to stop her." Now, the boilers of 
that vessel did well, and did good service, and I have since had the 
gratification of hearing from Mr. Parker himself that the lives (if I may 
use the term) of the boilers above alluded to have caused him to reflect 
seriously over the question of the strength of marine boilers 5 and we 
know now that some little time back Lloyd's Eules for shells of boilers 
were reduced in scantling; and I know Mr. Parker will bear me out, 
and remember the fact that he said, "It was those very things which 
caused me to reflect what could be done, and I am now doing it, princi- 
pally based on that Admiralty experience." The pressure of course at 
that time was not all we had to contend with in the management of boil- 
ers. It was a great jump, and we not only had to make the boilers, but 
we had to make the men to manage those boilers, because the manage- 
ment at sea of boilers working at those pressures is totally different to 
that where boilers are working, or were working, at 25 or 30 pounds 
steam, and to which the engineers of those days had been accustomed. 
Boilers that were then questioned, although they had a certificate given 
to them by the Board of Trade, in a steamship belonging to a well- 
known London firm whilst I had the supervision of them, ran over 112,- 

000 miles. They were in the year 1874-'75 subjected to such repairs as 
might have been anticipated after running three or four years, and the 
last time I heard of those boilers they were still on board the ship, and 

1 believe they are there now. Since those days we have seen a set of 
rules prepared by the Board of Trade giving certain coefficients for 
strength, and in giving those coefficients, they, for the first time, 
acknowledged the use of superior metal or iron in high-pressure boil- 
ers. The boilers that I have alluded to were made of Yorkshire iron 
and "best best" Staffordshire iron, and probably, at that time, as good 
iron as could possibly be procured. We have seen the hydraulic test, 
which we advocated and which was ignored, now become a standing 
rule, and we have seen pressures grow and grow ; we have seen Mr. 
Parker become the chief engineer of Lloyd's Eegistry of Shipping, and 
I say it without fear of contradiction, that steamship owners, in fact, 
the whole commercial marine, owe a very deep debt of gratitude to 
Mr. Parker for the views that he has brought to bear, and has been 
carrying out since he has been at Lloyd's; for I believe that if it 
had not been for him we should never have got to where we are, we 
should not have had vessels running with 100 and 120 pounds press- 
ure. True it is that the introduction of steel has assisted in the 
use of those pressures, but we know — at least, all those connected 
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with steam know— that to this day the Board of Trade have not 
giv^en their full approval to the use of steel in the same way that 
Lloyd's Registry of Shipping have done. We have had Fox's corru- 
gated furnaces also to help in increasing the pressure ; we also, there 
can be no doubt, have seen a wonderful improvement in workmanship 
as regards the manufacture of boilers ; no one, like myself, who can 
go back, I am sorry to say, for almost forty years in connection with 
boiler-making, can see those large circular boilers now being con- 
structed for these heavy pressures without admiring the workmanship 
that is i)ut into them. Improvement in workmanship is quite equal 
to the material that is used, and the result is known to us all. My 
lord, 1 Could occupy your time with more detail, peihaps, if members 
would care to listen to me, I would just say a word or two more. 

The President. You have spoken nearly fourteen minutes. 

Mr. Kavenhill. Quite right 5 I can only ask the indulgence of the 
meeting. Mr. Milton says : *' Up to the present time I believe that the 
reason why the ordinary type of boiler is almost invariably applied for 
marine purposes is not on account of any restrictions imposed upon new 
types by Lloyd's Register, or by any other controlling body, but solely 
because the great difficulties of designing a marine boiler which shall 
meet all practical requirements better than those of ordinary type have 
been greater than the inventive genius of our marine engineers has been 
able to overcome." The necessity and desire has been before us for 
years that some new form of boiler equally efficient to those that we 
have had should be introduced ; but 1 must ask Mr. Milton to kindly 
answer this question when he speaks of locomotive boilers having been 
removed, I think, after running three months, whether that is the ves- 
sel about which he and I had a conversation some months ago 5 and I 
think I understood him to say that certain plates in connection with the 
furnaces were so arranged that one almost wondered any boiler-maker 
had so arranged them, and that was a source of grief, if nothing else. 

Mr. John Scott. Would you allow me to say what I intended to say 
before I sat down — that if any public body, either Lloyd's or the Board 
of Trade, is disposed to undertake a series of experiments as regards the 
collapsing of furnaces, my company would be very glad to place the 
apparatus which they have, and which may facilitate the experiments, 
at their entire disposal. 

Mr. Maofarlanb Gray. I wish to make a remark in reference to 
what my friend Mr. Ravenhill has been saying about the Board of Trade. 
I think we ought to remember what your lordship's words were yester- 
day about the people who were forward in speaking. I think you will 
see at once I do not refer to Mr. Ravenhill in this at all, or myself. But 
you said, my lord, that people were forward in speaking who had not 
the responsibility, and who had not studied all the pros and cons, Kow, 
in reference to the Board of Trade, they have been extremely careful, 
and I think they deserve a httle credit for that, for they were perfectly 
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well aware that they were briDging the animadversion of almost every 
manufacturing engineer upon them. I partly sympathize with the view 
Mr. Eavenhill takes, and therefore I speak the more candidly in this 
way, that the Board of Trade have to do with life — life principally — 
Lloyd's Eegistry has to do with property ; and we must remember, as 
the gentleman yesterday explained in reference to bulkheads, that 
Lloyd's Eegistry, although they knew that five bulkheads, and the 
LiveriDool Eegistry, although they knew that five bulkheads, or four 
bulkheads, or something, were proper, yet they had to abandon it ; they 
could not enforce it because it was a matter whether it would pay, and 
they could not interfere with the commerce of the country. Kow, Lloyd's 
Eegistry has to do with that, and they have only to regulate their rules 
in regard to whether it will pay — " will England make money by this 
or noti" It is not whether the population in England will be more or 
less at the end of the year. The Board of Trade have to do with that ; 
they have to consider ^' Will the end of this year bring in two or three 
losses of vessels, with 400 or 500 passengers each f ' With reference to 
that, we must remember what Mr. Samuda said yesterday, that there 
are certain things which cannot be too dearly paid for. ]^ow, life is a 
matter which the Board of Trade has been appointed to care for, and it 
is for life principally, if not only life. Therefore they, I think, may be 
judged leniently — or rather, you ought to try to put yourself in their 
sh6es, as it were, and consider ought thej'^ to draw the public into the 
adoption of unproved materials, or ought they not rather to wait until 
they can justify such an innovation by pointing to years of satisfactory 
experience of their fitness ! I think that is their position, and they are 
very willing to sanction lighter scantling for better materials when their 
qualities have been properly established, but they no doubt wish that 
the public should see that they did not draw the public, or they did not 
tempt them to make their boilers too light. I think Mr. Parker will be 
very ready to admit that he knows that they were acting honestly ac- 
cording to what they believe, and that if they had seen their way that 
it was safe, what was wanted, they would have been very happy to have 
acted as Mr. Eavenhill and many others were anxious that they should 
do. 

Mr. Eavenhill. I wish to say, in explanation, and I wish to say it in 
the strongest language I can use, that I did not wish to impute any 
other than the most honest of motives either, to the Board of Trade or 
its officials; it was merely a question of judgment, and that was the 
point which I wished to point out. 

Mr. Martell. With reference to an expression that fell from Mr. 
Macfarlane Gray, I suppose he was alluding to a remark that I made 
yesterday with reference to the bulkheads of steamships. He says that 
the Board of Trade are differently situated from Lloyd's Eegistry, because 
it is not a question with them the saving of human life, but it is a ques- 
tion of whether it will pay. It was admitted, he says, yesterday, that it 
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was just a question of money as to their requirements — whether the 
thing will pay or whether it will not. 

Mr. West. Mr. Gray said it was stated by the Liverpool Registry, 
not by you. 

Mr. Martell. I beg your pardon. No one in connection with the 
Liverpool Registry made any remark with respect to the subject what- 
ever. Mr. Gray did partly correct himself on that, certainly ; but I 
must take, unless Mr. Gray corrects me, that the remarks which he 
, made applied to Lloyd's Register. I should like to appeal to him now 
whether he intended that remark to apply to those I made yesterday t 

Mr. Macfarlane Gray. I do not remember whether it was you or 
Mr, Rundell. But it was said that a registry proposed to put five bulk- 
heads, and the impression made on me and others in the room was that 
it was believed by the registry that these five bulkheads would be an 
advantage, and they tried to introduce them ; but they had to be 
abandoned, because the ship-owners would not stand it at all. 

Mr. Morgan. The shorthand writer'c, notes will put it straight in the 
*^ Transactions." I believe it arose from a remark of Mr. RundelPs. 

The President. I must do justice to Mr. Gray. I think Mr. Raven- 
hill and Mr. Martell are not quite correct. Mr. Gray first said he did 
not mention anybody as having made the remark about the bulkheads, 
but he afterwards amended what he had previously said, and referred 
to a remark that was made by somebody connected with the Liverpool 
Registry. I think 1 am correct in that; so really it had not reference to 
anything you said, Mr. Martell. 

Mr. Macfarlane Gray. What I understand about the Liverpool 
Registry or your registry, is, that it is for property. I understand that 
is its object. 

Mr. Martell. That is precisely the ground on which I should like 
to make a few remarks in regard to such an observation as that. Mr. 
Macfarlane Gray ultimately finished his remarks by saying that he 
thought the Board of Trade endeavored to do it, and he believed they 
had the support of the public in the rules that they made with regard 
to these boilers. 

Mr. Macfarlane Gray. I said the opposite. 

Mr. Martell. Now, with regard to the rules made by Lloyd's Registry 
as to the safety of ships, the remarks I made were these, that they cannot 
make high-handed rules even like the Board of Trade. If the Board of 
Trade think that it is necessary to do a certain thing for the safety of life 
whatever it may be, either for the efficiency of boilers or the efficiency 
of hulls of ships, they bring it forward by obtaining an act of Parlia- 
ment, and they take this act of Parliament and place it in the hands 
of their surveyors, who have only to insist on its being done, and it is 
done. It does not matter whether it interferes with trade or not ; it 
does not matter to them; they have an act of Parliament for doing a 
certain thing, and it is done. But with reference to any register soci- 
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ety, they must have a general opinion among those whose ships they 
class, that experience has shown it is necessary to do certain things 
before they can attempt to press these upon the attention of the general 
ship-owning public. What would be the result if they had rules that 
were not founded on a sound basis, and the experience of the ship-own- 
ing public! The result would be that they would not class their ships, 
and the registry by which these rules were made, instead of having 
thi'se ships on their registry, over which they could exercise a certain 
amount of ins])ection in yearly examinations, and thereby seeing they 
were kept in proper order, would merely drive them out altogether and 
have no control whatever over them; so that instead of doing any 
good, or being of any advantage whatever, they would be destroying 
any influence they wished to exert for the benefit of the ship-owning 
community. Before, therefore, they make any rules making their cona- 
pliance imperative with regard to the classification of a ship, they feel 
that there must be a consideration that any rule they insist upon should 
not unnecessarily interfere with the carrying on of trade, but must be 
a question with reference to the actual safety of the ship, and if any 
deficiency said to exist does not interfere with that, then they feel that 
they can allow ship-owners to exercise their own opinion, and do what 
they think proper up to a certain point; but immediately it interferes 
Willi the actual safety of the ship, then they feel it is necessary, what- 
ever the result may be, to make an imperative rule that shall be com- 
plied with before the ship receives a certain class in their books. That 
is what governs the action of the Registry Society with which I am con- 
nected. 

Mr. W. Parker. My lord, I must say that I am somewhat disap- 
pointed to-night to find that, with the exception of our friend, Mr. Mac- 
farlane Gray, whom we all know as a regular attendant, there are none 
of the officers of the Board of Trade present with us. I did expect to 
see some of the officials who have taken an active part in framing the 
rules of the Board of Trade on the strength of boilers, more especially 
as the^ were furnished with copies of Mr. Milton's paper a few days 
since, in order that they might come prepared to discuss the subject. 
I^ow, this paper, I think, my lord, you will see, has been written for 
the purpose of showing to this institution and to the public at large, 
and I may add to the Board of Trade likewise, that the rules of Lloyd's 
Eegister on boilers are based upon sound principles. A great deal of 
comment has been made throughout the country, especially on the east 
coast, with regard to the difference that exists between the rules of 
Lloyd's and those of the Board of Trade, and this paper explains the 
reason of this difference, so far as Lloyd's are concerned. The onl^' 
difference practically between the rules of the two bodies is this, that 
when you come to thick shell plates, the rules of Lloyd's Register sanc- 
tion a much higher pressure being carried than that approved by the 
Board of Trade. As an illustration of this, I may mention, that if the 
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boilers of the steamer Aberdeen, the engines of which were discussed at 
our meeting yesterday, had been constructed under the Board of Trade 
rules, instead of being allowed to carry a pressure of 126 pounds per 
square inch, which they are granted under Lloyd's rules, they would 
be limited to 90 pounds per square inch. Now, while our rules allow 
a higher pressure than has generally been adopted in marine boilers, 
they provide in all respects for safety, and I think it is only right that 
controlling authorities in such matters should permit ship-owners to use 
the highest possible pressure consistent with safety, or, in other words, 
to realize to the full the economy of fuel which is open to them. As I 
had occasion to point out recently at a meeting of a kindred institution 
at Newcastle, we know with approximate accuracy what our factor of 
safety js^reqaired to cover in a marine boiler. The shell is supposed 
to be a perfect circle, and we know quite well that it varies in strength 
inversely to its diameter in inches ; we know also the strength of the 
material that we put into the shell, because now that we are using steel 
we test every plate; and we likewise know quite well, from a number 
of experiments that we have made on the strength of riveted seams, 
how to proportion the rivets so as to give the requisite percentage of 
strength of joint relatively to the plate; so that really in that structure 
we have nothing to provide against — I mean in a broad sense — but 
corrosion. We do not require a large factor of safety to cover a plate that 
we know is safe, or a large amount of margin on a joint whose strength 
we can so accurately determine; the only thing we require is factor 
of safety to cover corrosion. Corrosion being constant, whether in a 
thick plate or a thin plate, Lloyd's rules allow the thick plates to have 
at the beginning of the life of the boiler a smaller factor than the thin 
plates, so that at the end of the life of the boiler the thin plates and 
the thick plates will have approximately the same factor of safety. It 
is in that respect that the rules of the Board of Trade and of Lloyd's 
Eegister differ, and it is a most serious thing, because, as we have seen 
in the case of the steamer Aberdeen, it means the difference between 90 
pounds and 125 pounds pressure. I wish to bring this clearly before 
the meeting, and, as I said before, it is to be regretted that the leading 
officials of the Board of Trade, who would have been able to enlighten 
us in regard to the principles upon which they proceeded in framing 
their rules, are not here to-night to help us in our deliberations, and 
enable us to come to some proper understanding in the matter. 

Mr. Thornycroft. I beg to make a few remarks on this i)aper. I 
believe it has been said that the locomotive boiler is unsuitable entirely 
for use at sea. My firm has had considerable experience with this kind 
of boiler — in fact, it is the boiler that has been used almost entirely, to 
the exclusion of boilers of other types. The locomotive boiler is mani- 
festly unfit to work with water where any considerable amount of sedi- 
ment is formed, because the amount of space in the bottom of the boiler 
to receive sediment is so very limited. Our expeiience is this, that 
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with surface condensing engines the amount of sediment is small, and 
the limited space for sediment does not seem to interfere with the useful 
working of the boiler. The boiler has great advantages over the ordi- 
nary cylindrical form, because, not providing that space for sediment, it 
does not require the material to contain that space, and is much lighter 
in weight. The only trouble we found with that kind of boiler wa» 
that the tubes and the tube plate were likely to leak ; but that may be 
more from the use to which we put the boiler than from the inherent 
qualities of that kind of boiler itself. If the boilers were worked at a 
more Economical rate of working, such as is usual in the mercantile 
marine, then I imagine this trouble we have to contend against with 
the tnbe-plate would not exist. It seems to me that, though not per- 
haps the best boiler for the purpose where the introduction of weight 
is of little consequence, it is a suitable boiler to be used at sea with 
surl'ace condensiug engines — perhaps not for long voyages, but there 
are cases where I think it could be used with advantage when the re- 
duction of weight is very important. I will not trouble the meeting 
further on this. With regard to some remarks Mr. Parker made as to 
corrosion and durability of boilers, I would merely say I entirely concur 
with him that, in considering the life of a boiler, you must allow that 
the corrosion of the several plates would be approximately uniform in 
amount, and therefore you do not require to allow an equal percentage 
of thickness on the thicker plates to what you would on the thinner 
ones, and therefore the external shell of a cylindrical boiler may be 
made thinner in steel than would otherwise be required according to 
some rules. 

Mr. Macgregor. I would make one or two remarks, my lord, with 
the permission of the society, relative to the factors of safety that 
have been spoken of. It appears to me from the remarks of the 
paper, that provisioa is made at the commencement of the life of a boiler 
for the condition the boiler may be in at the end of its life. I do not 
quite understand what the object of continually surveying boilers is, 
unless it is to grasp the condition of the boiler at the period of the sur- 
vey. If the plates are corroded considerably during the previous life of 
the boiler, then at the survey it is for the Board of Trade, or as it ap- 
pears also, Lloyd's Eegi^try, to reduce the pressure on the boilers, 
retaining, as I should have said, the factor of safety. the same. I do 
not see why the factor of safety should vary. If the boiler is reduced 
in thickness at a certain period of its life, then reduce the pressure ac- 
cordingly, but retain the factor of safety the same. I might also remark 
with reference to locomotive boilers, as applied to marine purposes, that 
I perhaps have used them as much as any person in that particular 
branch of use, and I have had every satisfaction with them. I do not 
think that there is a better boiler for mariue purposes than the loco- 
marine boiler. Certainly, if you use them with very salt water, that is 
liable to any considerable amount of deposit, they are not so good, but 
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it is quite well known now that a number of steamships with surface 
condensers have very little deposit indeed in the boilers 5 in fact, some 
run for several days at sea without any supplementary feed at all, and 
therefore the water in the boilers is not liable to any considerable 
amount of deposit. And, moreover, it is possible to arrange locomotive 
boilers so that they can be examined very minutely, even at the parts 
specially alluded to, the sides of the boilers. There are one or two ar- 
rangements of locomotive boilers for marine purposes in which it is pos- 
sible to examine them in almost any part and clean them. 

Mr. Milton. I will first deal with what Mr. Macgregor has said with 
regard to the factors of safety. He thinks it would be a very easy mat- 
ter to reduce pressures continually as the boilers corrode and get 
weak. So it would. But that would mean, if we only start with the 
factor of safety that is absolutely necessary for safety, that after a few 
months' running of the boilers they would have to be taken out and 
new ones put in, because the engines or ships could not be profitably 
fun at low pressures if they were first made for high piessures. Very 
little reduction is possible if you want to make money with your ships. 
That is the point at issue. 

Mr. Macgregor. In some instances no reduction is necessary. 

Mr. Milton. If you have a ship first made to go at ten knots, and her 
trade requires h er to go at that speed all the way, and if, after a few months' 
working, the surveyor comes and says you must reduce your pressure 
from 70 to 60 pounds, add you can only get eight knots out of your ship 
with the reduced pressure, you may just as well lay her up at once in a 
good many cases. But next about the suitability of locomotive boilers 
for marine purposes. I am afraid Mr. Thornycroft's boilers have never 
been put into an ocean steamer, a steamer that goes for many months 
at sea continuously ; if they have been, I am certain they will fail. The 
only locomotive boilers I have known to be tried at sea, and also several 
of similar type, all have had the same difficulty ; they could not be kept, 
in good condition. It is a matter of impossibility to keep boilers per- 
fectly clean at sea, although the engines are fitted with surface con- 
densers. Every Lloyd's surveyor or Board of Trade surveyor knows, and 
every superintendent engineer knows, that almost constantly when the 
ships are in port the boilers have to be chipped and scaled, though they 
are fed from surface condensers. If you have scale accumulate in the 
boilers you cannot get locomotive boilers to stand. I believe that the 
reason why the tube-plates of locomotive boilers, when they are run 
hard, leak so much more than those of other boilers, as mentioned in 
my paper, is simply the effect of the different changes of temperature. 
The front part of the tube retains its tightness by being put in a state 
of compression, and as it is not surrounded by water in the tube-plate, 
the last three-quarters of an inch of it gets very hot, and every time you 
open the doors it contracts ; the cold air going in there runs direct to the 
tube, not having to go over a great amount of fire, as it would in the 
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ordinary boiler, and the tube leaks. With regard to the locomotive 
boiler 1 have mentioned, Mr. Eavenhill asked me if this was the boiler 
that had the defective arran^rementof the landings of the furnace- plates. 
It was. The defective landing gave the engineers a lot of trouble, but 
it did not interfere with the safety of the boiler at all, and it was not 
for that that the boiler was taken out. It was taken out simply because 
it was impossible to run it at sea. The owner of the vessel was an en- 
gineer himself; he went the first voyage in her, and was very sanguine 
about the boiler. All his friends advised him not to put it in, but he 
was too sanguine, and did, and after three months in the ship he came 
to the conclusion it was a dead failure, and ordered another boiler at 
once; and he also came to the conclusion that the failure was not on 
account of want of attention in any way on the part of the attendants 
during the voyage, because he was there personally, and had good men 
under him. The tubes in that boiler gave a great deal of trouble by 
leakage; every time the door was opened some of them would start 
leaking, and the salt and water falling on the fire put it out. In that 
boiler in three months, although there were large water-spaces, the fur- 
nace-plates between the stays buckled. The space was the same as we 
allow in ordinary boilers between combustion chambers, but the heat is 
much more intense, and the plates get scaled and buckled. It is the 
intense heat, I believe, that buckles the plates there. Mr. Eavenhill made 
a slight mistake with regard to Lloyd's Rules ; as to furnaces, they are the 
same, and have not been reduced from what they were when they first 
came out, and I doubt very much whether they can be reduced safely. 
Mr. Macfarlane Gray has made some remarks about Lloyd's rules being 
regulated simply to make vessels pay, and having nothing to do with 
safety to life. Mr. Martell has answered that very clearly. Vessels 
cannot pay at all if there is any risk of having boilers explode on their 
voyages. The only other point was that raised by Mr. Scott, the first 
speaker. Mr. Scott was speaking of the roundness of the flues, and he 
quite agreed with me on that, and said that roundness is the all-important 
point, except when corrugated furnaces are in question. I must say 
Mr. Scott is right; a corrugated furnace, if it is a little bit out of truth, 
seems to hold its strength at any rate more than a plain furnace. In 
testing plain furnaces, the very moment the ultimate pressure is reached, 
however slow you are pumping, the handle of the gauge falls back im- 
mediately, the pressure goes down, and the more you pump the lower 
the pressure falls. But if we take the case of a corrugated furnace and 
a plain furnace under the condition of being short of water, supposing 
they are originally of the same strength, I rather fancy the plain fur- 
nace would have the best of it, because for that to sag very much it has 
to stretch a good deal ; a corrugated furnace has a good deal of length 
and will bag out immediately. We, however, do not anticipate the fur- 
naces getting red-hot. I think there are no more points requiring an 
answer, and I must say I am very much obliged to the meeting for the 
way in which they have received my paper. 
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The President. Gentlemen, there is only one observation that I will 
ask you to allow me to make, but I feel it is only fair, and my duty, that 
I should make an observation upon one point. Many allusions have 
been made necessarily, in the course of this discussion, to the action 
and rules of the Board of Trade. Now, I wish to point out to you, as I 
have had many opportunities of watching the action of the Board of 
Trade in the execution of acts of Parliament, that the purpose Par- 
liament had in view in all that mass of intricate legislation — for there 
is too much of it, I think, that has been passed upon shipping matters — 
was the great object of safety; and I can speak from my own knowledge 
and constant communication with ofl&cials of the Board of Trade, that no 
men are more sensible than are those able officers of the delicacy and 
difficulty of the duties they have to perform. It is only fair to them 
that I should state that. They are fully aware of those difficulties, and 
they have to steer a very difficult course, because they have in the exe- 
cution of those statutes to bear in mind the object of Parliament, in the 
first instance, and to interfere the least possible with the progress and 
prosperity of the trade of the country. We must bear that in mind, 
and must make some allowance for what otherwise would appear to be 
to many of us a frivolous interference on the part of the Board of Trade. 
The duty is an exceedingly delicate and difficult one. I have only felt 
it my duty, in justice to the officers of the Board of Trade, to make that 
remark as the result of my observations. I am quite sure you will per- 
mit me to offer to Mr. Milton our united thanks for his paper, and to 
congratulate you, gentlemen, on the very interesting discussion that has 
ensued upon it. 

2872—1^0. iS- i 
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CORROSION IN STEAM BOILERS. 

By W. J. NORKIB, Esq., M. I. N. A. 

[Read at the twenty-third sesBion of the Institution of Nayal Architects, 30th Maroh 
1882, the Right Hod. the Earl of Raybnsworth, president, in the chair.] 



The qaestioQ of corrosion in steam boilers is one that commands the 
attention of most engineers. It is a standing source of anxiety, causes 
trouble and delay, and not unfrequently danger to those in charge. To 
the navy, steamship owners, and steam users, it means great expense, 
not only in the actual cost of repairs, but in loss of efficiency, by hav- 
ing in a short time to reduce the pressure to compensate for the cor- 
rosion. 

The rapidity of the internal corrosion of boilers working at high 
pressure and supplied with water from surface condensers, assuming, 
as it does, the acute form known as << pitting," has enveloped it with a 
certain amount of mystery ; and the short lives of the boilers of some 
of the vessels of Her Majesty's navy led to the appointment of the late 
Admiralty Boiler Commission to inquire into the subject, before whom 
much evidence of value was given, and several theories advanced to 
account for this corrosion. 

Of these theories the following have received the greatest credence, 
and which we may perhaps briefly consider : 

Galvanic action.— This theory has its origin in the hypothesis 
that a great, or rather infinite, number of galvanic circles are formed 
by the metallic contact of the iron of the boiler with particles of copper 
or brass from the condenser-tubes, air-pumps, and feed-pipes, carried 
in with the feed- water, as the two elements, and the water acidulated 
or alkaline as the exciting agent. This theory will not, however, bear 
strict investigation, inasmuch as the particles of copper or brass would, 
by their weight, gravitate to the bottom of the boiler, where the great- 
est part of the corrosion would ensue ; again, although the particles 
might possibly lodge and rest on the tops of the furnaces and tubes, 
they could not support themselves on the under side of same, where 
pitting is found to go on as much in the case of tubes, and more in fur- 
naces than on the top. 

These considerations are sufficient in themselves to negative or at 
least throw doubt on the truth of this theory, without taking into con- 
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sideration the equivalent wear that mast ensue in the air pumps, feed- 
pipes, and condenser-tubes ; nor can this theory be readily applied to 
the corrosion that takes place in steam-chests and superheaters ; and 
the reliable analyses hereto appended for reference, and which are 
copied from the Blue Book of the Boiler Commission, show the presence 
of nothing likely to account for galvanic action. Had particles of cop- 
per or brass been deposited within the boilers, they would have ap- 
peared in one or other of these analyses. 

In fact, these analyses are somewhat remarkable, as showing the , 
presence of nothing that could account for the corrosion and the rapid- 
ity with which it is affected, and we may dispose of the theory of gal- 
vanic action as untenable, by referring to the case of the Propontis, 
mentioned by Mr. A. C. Kirk in his evidence, who states that the ves- 
sel was fitted with Kowan's water-tube boilers, ordinary working press- 
ure at sea 120 pounds, had no copper within the boiler, had iron feed- 
pipes and iron air-pumps, the steam-pipes being of copper and the con- 
denser-tubes brass ; b,ut pitting went on with such rapidity that in 
about nine months a great part of the tubes had to be renewed. From 
this it is evident that there being no brass in the air-pump or copper 
pipes to be scored, particles of that metal could hardly have been car- 
ried into the boilers. 

The next theory that has been advanced to account for the corrosion 
is that hydrochloric acid is produced within the boiler by decomposi- 
tion of the water, its hydrogen combining with the chlorides contained 
in sea-water. If such were the case the water would become strongly 
acidulated, and if it attained suflBeient strength to cause pitting it 
would have a solvent action on zinc placed therein. Such is not, how- 
ever, the result of practice, as it will be seen by the analyses above 
referred to that the water has generally and probably always, except 
in an isolated case or two, an alkaline reaction. Further^ iron when 
heated with pure water exerts no decomposing action, at least to 400^ 
Fahrenheit, and it has, moreover, been established by careful experi- 
ment, that iron when heated with water alone to 356^ Fahrenheit 
yielded no trace of hydrogen. 

Another theory that has been received with favor is that of decom- 
position of the lubricants used for the cylinders and slides. The result- 
ing fatty acids dissolving the brass of the condenser-tubes, and passing 
into the boiler converts the water info a solution of copper, which acts 
chemico-galvanically or electro-chemically upon the water and the iron, 
causing corrosion ; but this theory is upset by the consideration that 
the wear of the condenser-tubes would be in proportion to the corrosion 
of the boiler-iron, and by the fact that pitting occurs just as much 
when the condenser-tubes are tinned, and is further negatived by the 
usually alkaline condition of the water. In well-authenticated experi- 
ments it was found that water taken from marine boilers was not dis- 
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colored by the absorption of salpharetted hydrogen gas, showing 
thereby that it held no copper in solation. 

These two latter theories are further met, and may be considered as 
disposed of, by the remarks of Mr. Weston, Admiralty chemist, Ports- 
mouth, in his evidence before the Boiler Commission on samples of 
water taken from the boilers of Her Majesty's ships Serapis and Croc- 
. odile, which are well worth quoting, and are as follows : 

"Acidity, — l^ot one sample of water, either of those recently re- 
ceived or those obtained in December, showed any acidity, but, on the 
contrary, the water was in each case faintly alkaline, that from the hot- 
well being more strongly so than that from the boiler. 

"Copper in solution. — A solution of copper I made for compari- 
son, containing only one in one million parts, showed distinctly the pres- 
ence of even this minute quantity of copper without resorting to any 
concentration of the solution, and as no indication was obtained from 
any sample of water from the troop ships, this metal is certainly not 
present to any appreciable extent. The condenser tubes in the Serapis 
and Crocodile are mostly copper, only 400 out of 14,400 in the latter ves- 
sel having been replaced with tinned tubes.'' 

And upon these results he makes the following observations: 

(1.) That the alkaline condition of the water of these ships clearly 
shows that acidity is not the cause of the deterioration of the boilers. 

(2.) That the absence of copper, in even the minute proportion to 
which I have tested the water, shows that no injurious action from any 
solution of this metal by the water in passing through the condenser 
can take place, and as the copper is not dissolved to any extent, it would 
appear that tinning the tubes is unnecessary. 

It will doubtless be admitted that these results and remarks are very 
conclusive, and although they apply to vessels of the royal navy, it is 
evident that they will be equally applicable to those of the mercantile 
marine. 

Carefully and closely examining the above theories, one finds they 
are based on frail foundations, consequently neither is tenable, nor ade- 
quately explains the cause of corrosion in steam boilers, and we now 
come to the final theory of oxidation, by the presence of free oxygen in 
the water, derived from the atmosphere. 

This latter theory appears to be the true one; the more closely it is 
examined the more convincing does it, in the writer's opinion, become, 
and, moreover, it affords an answer to all the results observed in prac- 
tice. 

To show that this is the case, we may now examine this theory and 
adduce some proof thereof; but, in order to follow the line of reasoning 
upon which this conclusion is based, it is necessary to glance at, so as 
to have well in mind, the nature of the elements we have to deal with, 
namely, air and water. 
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AiB. — Atmospheric air consists of a mixture of oxygen and nitrogen 
gases, in the proportion in one hnndred volumes of— 

Oxygen 20.96 

Nitrogen 79.04 



100.00 

These gases as composing air are simply mechanically mixed together, 
and not in any way combined, but each is in its free and natural state, 
retaining all its properties unaltered and exercising separately and in- 
dependently its own peculiar functions. Air also holds ammonia and 
carbonic acid; the former is, perhaps, of but little moment to the sub- 
ject under consideration ; the latter, however, plays an important part, 
and although it appears to exist in the atmosphere in no definite pro- 
portion, averaging only about one in 2,600 parts, it is comparatively 
very soluble in water. 

Water, — Water in its pure state is a compound of oxygen and hy- 
drogen, formed by the union of one volume of oxygen with two volumes 
of hydrogen, the two gases being chemically combined, and forming 
an entirely new substance, a neutral liquid, not retaining any of the 
distinctive properties of either gas from which it is produced, or able 
to exercise the functions peculiar to either gas without decomposition. 
It is incapable of combining with the metals, although it does so with 
some of their oxides and salts. By some metals it is rapidly decom- 
posed, while it oxidizes others by the aid of atmospheric air, even at 
the natural temperature. It is a very powerful solvent, liquefying alike 
both solids and gases, but has no effect on iron except when holding 
free oxygen in solution, when it becomes a powerful oxidizing agent, 
and, as a general rule, the more oxygen it holds in solution the more 
rapidly does it rust or corrode iron, such corrosion being accelerated by 
increase of temperature, as well as by the presence of dissolved carbonic 
acid. 

Such, then, are the constituent parts and properties of the elements 
with which we have to deal, and it is in the power of water to corrode 
iron by the aid of oxygen derived from the atmosphere, and accelerated 
by high temperature, to which the rapid deterioration of boilers must 
be ascribed. 

Water absorbs and holds in solution all the gases, in volumes vary- 
ing with its affinity, or the force of its attraction for each particular gas, 
and for the gases with which we are concerned, it dissolves in 100 vol- 
umes, at Oo temperature, and one atmosphere of pressure, of— 



Volamet. 



AlP 1.00 2.471 

Oxygen - 1.11 4.115 

Nitrogen 1 .927 2.085 

Carbon dioxide, or carbonic aoid 1.627 179.«7 
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The law under which the absorption of gases by water takes place is 
as follows: 

That the volume of gas absorbed varies directly with the pressure, 
the temperature remaining the same; that is to say, the volume ab- 
sorbed is constant under all pressures at even temperatures. There< 
fore, in order to find the volume of gas equivalent to its normal or nat- 
ural tension, i. €.j one atmosphere of pressure, absorbed ^t any given 
pressure, provided no increase of temperature takes place, we have only 
to multiply the <^ coefficient of absorption" by the number of atmospheres 
of pressure at which the absorption takes place. 

The ^' coefficients of absorption " for the gases we have to deal with 
are as follows : 

Atmospheric air, C = . 02471 
Oxygen, O = . 04116 
Nitrogen, = . 02036 
Carbonic acid, = 1. 7%7 

These coefficients, however, are for 0^ of temperature, and the degree 
of solubility of these gases varies with any increase of temperature, be- 
coming less as the temperature rises, saidvice versa; but the << coefficient 
of absorption " for any given temperature within a moderate range may 
be found by a simple formula, viz : 



where 



0^ = — (a?« -f yi^) 

O s Ooefficient of absorption at (P 0. 
C^= Ooefficient of absorption at given temperature. 
0? = Coefficients derived from experimental data. 
y =z Coefficients derived from experimental data. 
t = Temperature. 

For the gases we have under consideration these " coefficients ^ are 
as follows : 



Atmospheric air. 

Oxvgen 

Kitrogen'. 

Carbonic acid 



.00065485 
. 00108986 
.00053887 
.07761 



. 000013547 
.000022608 
. 000011156 
.0016424 



These ^' coefficients," as above, have been deduced from careful ex- 
periments by various chemists, verified by Bunsen, and will be found 
in Wattes Dictionary of Chemistry, from which they have been extracted. 

Therefore the volume of gas absorbed at any given pressure and tem- 
perature, having a tension of one atmosphere, is equal to — 



OP — (xt + yt) 



where 
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P s= Pressure in atmospheres. 
t = Temperature. 
G = Coefficient of absorption. 
X and y Coefficients as above. 



By the aid of this formula the following tables of the absorption of 
gases under pressures and temperatures corresponding with the ordi. 
nary working pressures of steain boilers have been compiled : 

Table I,— Oxygen. 



Abeolate preasare per square inch pounds.. 

Pressure in atmospheres do — 

Temperature of mass degrees C 

Vohune of gas held in eolation in 100 roliunea of water 

Temperature of mass. degrees- 
Atmospheres of pressure 



60 
4 
145 
10.137 

30.25 



75 
5 
153 
13.027 

30.6 



90 
6 
160 
17.171 

26.66 



105 
7 
166 
19.680 

23.71 



120 
8 
17^ 
24.872 

2L5 



Table H.— Nitrogen. 



Absolute pressure per square inch pounds.. 

Piessore m atmosplieres do ... 

Temperature of mass degrees C. 

Volume of gas held in aidiition in lOO yolnmes of water 

Tem perature of mass. degrees- 
Atmospheres of pressure 



60 
4 
145 
5.004 

36.25 



75 
5 
153 
7.740 

30.6 



90 
6 
160 
a483 

26.66 



105 
7 
166 
10.277 

23.71 



125 
8 
172 
1L953 

21.5 



Table m.—Aitnoepherie air. 



Absolute presBue per square inch pounds.. 

Px«S8ure m atmospneres do.... 

Temi>erature of Mass degreesC. 

Volume of air held in solution in 100 volumes of water 

Belative volume of oxygen 

Belative volume of nitrogen 

Temperature of mass. degrees- 
Atmospheres of pressure 



60 


76 


90 


106 


4 


5 


6 


7 


146 


158 


160 


166 


6.084 


8.178 


10.306 


12.471 


2.129 


2.965 


3.607 


4.364 


3.955 


5.123 


6.609 


a 107 


36.25 


30.6 


26.66 


23.71 



120 
8 

172 
14.707 
5.147 
9.660 

2L6 



It is practically impossible to calculate the volume of carbonic acid 
that would be held in solution under the above conditions, owing to the 
quantity of air which passes into the water in boilers, and the relative 
quantity of this gas forming part of the atmosphere ; it is doubtless 
very large, and careful experiments and analyses can alone decide the 
volume. 

These tables show the volumes of gas having a tension equal to one 
atmosphere of pressure, at which the water becomes saturated under the 
working pressures and temperatures of steam boilers of the present day, 
and would be correct if the steam space of the boiler were filled with 
the x)articular gas to which they refer — a condition which is of course 
unattainable, as it is filled with a fluid much lighter than air or either 
of its constituent gases ; therefore, the air pumped or forced into the 
boilers by the feed pumps must be subject to two distinct actions which 
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come into operation, viz : (1) The attraction the \rater exerts for each 
particalar gas ; (2) the force of gravity. 

In absorbing air, water separates and dissolves a volume of gas ac- 
cording to the attractive force it exerts towards each of its constituent 
gases, the force of which attraction is shown by the " Coefficients of 
Absorption,'' and is equal to 

C«> .04116 



C^ .02034 



2.0225 



or rather more than twice for oxygen than for nitrogen. This is proved 
by the fact that air expelled from water by boiling is composed as fol- 
lows: Oxygen, 34.9; Mtrogen, 65.09 ; total, 99.99. 

Hence to saturate water with air at the ordinary atmospheric press- 
ure, for every 100 volumes in solution f| x 100 = 170 volumes of air 
must be passed through it, of which 35 volumes of oxygen and 65 vol- 
umes of nitrogen are absorbed, the remaining 70 volumes of nitrogen 
being rejected. 

This fact has an important bearing on the subject under considera- 
tion. From it, and the two actions just referred to, it follows that the 
steam and gases forced into the water will rise and leave the water in 
accordance with their degree of solubility and specific gravities, which, 
compared with air as unity, are as follows : Spec. grav. of Steam .625, 
Nitrogen .927, Oxygen 1.11, C.O3, 1.627. 

These specific gravities hold good for all pressures under Marriott's 
law that the pressure varies as the volume, and, further, that these 
gases expand an equal degree for equal increments of temperature. 

Thus it would appear that the steam will leave the water first, the 
nitrogen second, and the oxygen last, and that the excess gases wiU 
range themselves in the steam space in layers according to their densi- 
ties, through which the steam will rise as it does in water. This will 
perhaps be better uriderstood by reference to Plate I, where S = Steam, 
N = Nitrogen, O = Oxygen, A = Air, carbonic acid being omitted. 

In the condition shown, these gases have no tendency to rise, except 
by a slow process of commingling, by which the oxygen is constantly, but 
.slowly, mixing with the nitrogen, and the mixture of oxygen and nitro- 
gen with the steam, the volume so lost being, however, as constantly 
replaced from the air forced in with the feed-water. 

If this is so, we come to the absorption of oxygen and carbonic acid 
alone, and table No. 1 shows, with more or less exactness, the condition 
of the water in steam boilers under ordinary working, and water so 
charged would be ample, if not more than sufficient, to account for the 
corrosion. 

If, however, we take it that no separation of the gases occurs in the 
boiler, and deal with it as the absorption of atmospheric air, as shown 
in Fig. 2, Plate I, we have, even then, a large volume of oxygen, which, 
as will be seen from Table III, ranges from four times and upwards the 
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volume of this gas held in solatiou under the ordinary conditions of the 
atmosphere, and 0^ 0. of temperature, for the usual working pressures 
of steam boilers, with an indeterminate volume of carbonic acid, volumes 
which being, moreover, aided by high temperature, are sufficient to 
cause rapid corrosion. The probability is that neither table accurately 
expresses the condition of the water, but that the volume of oxygen in 
solution varies in actual practice from the limit of the one to the limit 
of the other. 

Referring again to the drawings, the conditions illustrated may, per- 
haps, be brought out more clearly by comparing the gases within the 
boiler to those within a well. In the latter case, as every one knows, 
carbonic acid gas gravitates to the bottom, and has no tendency to rise, 
owing to its greater density and weight than the atmosphere, the ratio 
between the two being as 1 to 1.527. Substituting steam in the boiler 
for the atmosphere, the cases, excepting of course the higher pressures 
and temperatures, are similar, the ratios between the gases and steam 
being as follows : 

Steam to Nitrogen : 1 to 1.395. 
Steam to Oxygen : 1 to 1.776. 
Steam to Air : 1 to 1.584. 

These great differences in the specific gravities are sufficient to pre- 
vent the denser gases rising, so that the water is constantly charged 
with gas to saturation, either oxygen and carbonic acid alone or a mixt- 
ure of oxygen, nitrogen, and carbonic acid. 

This question is undoubtedly worth solving, and is one that, assum- 
ing the theory of free oxygen in the water, with properly constructed 
appliances, admits of almost easy solution. The expense of same would 
probably prevent private firms and individuals from taking up this 
question, as, apart from the cost of the necessary appliances, there 
would be the employment of a chemist competent; to deal with it, and 
to make a series of quantitative analyses. 

Not being, however, in possession of data derived from experiment, 
in this direction, let us examine what proofs of the theory can be ad- 
duced from actual working. 

We have seen that the theory of galvanic action, though possible, is 
very improbable, and that the alkaline condition of the water negatives 
the theory of acidity, but does not the perished zinc from the boiler af- 
ford some evidence as to the action that takes place ? On carefully ex- 
amining this substance it seems to have changed to an oxide, similar to 
that formed on the surface of the molten metal when exposed to'theat* 
mosphere, and if so, both would be subject to the same tests. 

The first test would be that each would be fixed in the fire. On sub- 
jecting the perished zinc to this test it was found to be thoroughly fixed j 
even under the intense heat of a blow-pipe flame it remains unchanged, 
except that portions of the metal that have not become oxidized melt 
out, ignite, and burn. 
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A second test for these oxides is that each would be soluble in hydro- 
chloric acid, and iu water acidulated with' sulphuric acid. On carrying 
out these tests both will be found to be dissolved. There is, however, 
this difference between them, that the oxide from the boiler takes longer 
to decompose, due probably to the different conditions under which the 
oxidation was effected, as the oxide formed on the surface of the molten 
metal is by the oxygen derived from the atmosphere in a rarifled states 
due to the heat, while that from the boiler is effected under water and 
under pressure, at a temperature of about half that of its melting point, 
and is probably hydrated. 

It follows from these tests that the process by which zinc perishes in 
steam boilers is analogous in many respects to the formation of an oxide 
scale on the surface of the molten metal exposed to the atmosphere, and 
the question arises, having a high temperature, whence came the oxy 
gen necessary to transform the metal t Surely not from any decom 
position of the water or of the salts contained therein, for if any took 
place, the hydrogen set free would combine with the chlorine of the 
chlorides contained in sea-water, on account of its intense affinity for 
this gas, the water would become strongly acidulated, and the zinc pro 
bably dissolved j but the answer is, we submit, to be found in the theory 
of absorption, as herein stated. 

It may, perhaps, be worth mentioning that a slab of zinc, say 12 by' 
12 by IJ inches thick, is completely oxidized in trips from London to 
the Mediterranean iu about six weeks, while in the home tradij similar 
slabs perish iu about eight weeks, under steam about four days per 
week. 

The theory of oxidation by free oxygen in the water provides an an- 
swer to the point that the corrosive agent, whatever it may be, must be 
thoroughly diffused throughout the water, and from the laws herein 
stated it will be evident that wherever the water is quiescent and cool- 
est; as that portion of the boiler below the fire bars, and where the cir- 
culation is restricted, as amongst the tubes, there the pitting will be 
greatest, and that it will be least where the heat and circulation are 
greatest, as on the tops of furnaces and combustion chambers, and such? 
there is reason to believe, is the general experience. 

This paper has dealt more particularly with the extent of the aerifi- 
cation of the water in steam boilers, rather than the process by which 
pitting ensues therefrom, for an explanation of which we cannot do bet- 
ter than refer to the very able paper by Mr. Mallett, in Volume XIII 
of the ^^Transactions of the Institution of i^aval Architects,'' wherein 
the causes are well explained. 

In conclusion, the study of this subject points to the remedy for the 
evil being to supply the boilers with water free from air or gases in so- 
lution, and as oil or grease within a boiler can do no good, they should 
be kept out; if this were done, boilers would, doubtless, last very much 
longer, and be more profitable to their owners. 
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ANALYSES HEREIN REFERRED TO. 
Analyses of deposit from the boilers of the steamship Camatic. 



Moistarelost at 212° 18.7 

Organic moietare and matter giron off above 212^ 3.3 

Pat 3.4 

Seetdae insolable in hydrochloric acid, sand, Sen 1.36 

Oxide of copper ^ a 42 

Peroxide of iron 60.93 

Protoxide of iron 5.55 

Sulphate of iron 67 

Alumina 2.8 

Sulphate of lime * 1.03 

Hagnesia 92 

Chloride of sodium 93 

100. 01 



18.9 
3.3 
3.2 
1.22 
.35 
60.34 



2.8 



Analyses of four samples of deposit t0kenfrom the boilers of the steamship Camatio, 





Aft star- 

board No. 1 

boiler. 


Fore star- 
board No. 2 
boiler. 


Fore port 
No. 3 
boiler. 


Aft port 
No. 4 
boiler. 


Oxide of iron 


42.11 

10.83 
2.13 
1.31 

10.03 
2.12 
8.99 

22.47 


47.0 
11. 18 
2.03 
1.18 
8.24 
3.0 
6.10 
21.27 


40.08 
8.16 
2.0 
2.18 
9.60 
2.18 

13.12 

22. 


40 32 


Tftlloi^ 


8.16 


Sulphate of soda 


1.74 


Muriate of soda 


1.64 


Carbonate of lime 


7.91 


Sulphate of lime 


1.8 


Sand Ml (I clay.... 


8.28 


Water 


30.0 








99.49 


100. 


99.27 


99.79 



No trace of o<^per. 
Analysis of a sample of boiler from the steamship Elder, 

[Specific gravity, 1.12. Reaction, alkaline.] 

Sodium chloride '. 20.633 

Magnesium chloride 1.8631 

Magnesium sulphate : 1.1699 

Water 76.334 

100. 



DISCUSSION. 

Mr. Eavenhill. My lord, it is now nearly half past ten, but I do 
not quite like that we should leave without thanking the author of this 
paper for the time he has devoted to writing it, and I regret very much 
that the hour has arrived when but little discussion can take place on 
it. I wiJl make a remark only upon two points, but not to criticise them. 
He alludes here to zinc perishing, and gives us his experience of its 
durability, or, if I may say so, its life, when applied in blocks in boilers 
where it has been fitted with the view of preserving them from rapid de- 
cay. I was informed the other day, when I was on the Clyde, that there 
are engineers there who hope that they see their way to be able to aban- 
don the use of these zinc blocks, and that by the free use of alkalies 
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their use will altogether be done away with. . I merely mention it as a 
thing that is looming, and in another year we may have some data with 
regard to it brought before the Institution. With reference to the 
writer's concluding paragraphs, he says if all this is done boilers doubt- 
less would last very much longer, and would be very much more profit- 
able to their owners. In that I most cordially agree. It is a thing 
which everybody connected with steam navigation for years has been 
driving at, and although we have made very rapid strides we have not 
yet found ourselves transferred to that happy land. 

The President. Gentlemen, I also regret very much that time has 
stood in the way of a more effectual discussion of this paper; but I beg 
to say that that accident in no way whatever detracts from the merit 
of the author, from the great research and from the very great knowl- 
edge he has shown in compiling this paper. I will also point to another 
thing in which I am sure you will all agree with me : It is just one of 
those papers of so highly technical a character that anybody almost, 
however able, would find a difficulty in adequately discussing it on the 
spur of the moment. It would require the most able and experienced 
chemist really to elucidate many of the questions raised in this paper. 
I think that the reader of the paper will feel himself that that may be 
taken as a partial excuse to him for the very limited discussion which 
his most able paper has failed to bring out. I am quite sure, as I said 
before, that every credit is due to him for the research which he has 
shown in this paper and the care which he has taken in preparing it, 
and therefore rl would tender to him, on your behalf, our very cordial 
thanks. 
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V. 

THE INFLUENCE OF THE BOARD OF TRADE ^lULES FOR 
BOILERS UPON THE COMMERCIAL MARINE. 

By J. T. Milton, Esq., Member. 

LBead at the twenty-fourth session of the Institution of Naval Architects, March 15' 
1883; the Right Hon. the Earl of Ravbnsworth, president, in the chair.] 



At our last annaal meeting I had the honor to read a paper upon 
<< Lloyd's Bales as affecting Marine Boiler Oonstruction.'' In the pres* 
ent paper I wish to draw the attention of this Institation to the results 
of the action taken by the Board of Trade in regard to marine boilers ; 
and as I shall have to compare in some respects the Bnles of the Board of 
Trade with those of Lloyd's Begist^r, permit me to. say at first that I do 
this with no spirit of rivalry between the two bodies, for no rivaliy is 
possible between a Government department, compelling their roles to 
be adopted in all steam vessels engaged in trades requiring them to have 
passenger certificates, on the one hand, and a voluntary institution like 
Lloyd's Begister on the other, in which it is open to any ship-owner not 
to have his vessel classed, or to withdraw her from classification the 
moment that Lloyd's Bules are found to prejudice his business in any 
way; but I refer to Lloyd's Bules as giving results which are well known 
to all persons interested in marine-boiler construction and maintenance. 

To give some idea of the great influence which the Board of Trade 
Bules must have upon the commercial marine, I may mention that at the 
present time there are nearly 1,000 sea-going vessels, of an aggregate 
gross tonnage of nearly 2,000,000 tons and of nearly 300,000 registered 
nominal horse-power, holding passenger certificates, and this amount is 
increasing rapidly ; for out of the large number of new steam vessels 
registered in the United Kingdom in 1882 38 per cent, of the tonnage 
and 45 per cent, of the nominal horse-power came under the Board of 
Trade Bules, there being in that year about 114 new sea-going vessels 
built under these Bales, having a gross tonnage of over 295,000 tons, 
and an aggregate nominal horse-power of over 41,000. 

Seeing what a large proportion of British steam vessels are compelled 
by law to come under the periodical survey of the officers of the Board 
of Trade and to have their boiler pressures fixed by the Board's Bules, 
and recognizing that these vessels are built with the idea of producing 
a commercial return upon their cost, and that in all cases this return is 
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largely, and in some eases wholly, dependent upon the economy of their 
fuel consumption, which is itself governed in a large measure by the 
steam pressures the boilers are permitted to carry, it is essential that 
the rules by which the surveyors are guided in fixing these pressures 
should be framed upon an equitable basis, which, while providing for 
absolute safety, should in all cases allow the greatest pressures to be car- 
ried which are consistent with safety. 

It is a comparatively easy matter to calculate the strain produced by 
any given steam pressure upon the material of which a boiler is con- 
structed when we know its dimensions and scantlings ; but it is expe. 
rience, and experience alone, which can determine the greatest amount 
of strain which may be put upon a material and still leave a sufficient 
margin of strength to secure absolute safety. Unfortunately, the only 
direct experiences which give these data regarding boilers are to be 
found in those cases in which signs of weakness make themselves appar- 
ent, and, as^ the results of a failure of even a small part of a boiler would 
generally be very disastrous, such experiences are never sought after, 
and, happily, very rarely occur ; but, on the other hand, we have very 
many experiences of a negative character, each showing, by the fact of 
the boilers working continuously with a given pressure safely, that the 
limiting safe strength is at least not less than that at which the boilers 
work. As a matter of fact, there are considerably more than 3,000 steam- 
ers classed by Lloyd's Eegister the boilers of which are working, and 
have worked safely for years, at pressures greatly in excess of those 
which would be allowed by the Board of Trade Eules, while the practice 
with all foreign nations is usually to make the boilers still lighter than 
recognized by Lloyd's Eules. 

In comparing the Board of Trade Eules with those of Lloyd's Eegister, 
it must be distinctly remembered that the former are intended to apply 
to all boilers coming under purvey, whether the boilers be new or old, 
and that the longest period for which a passenger certificate is granted 
is twelve months, while Lloyd's Eules are intended to apply to new boil- 
ers only ; and seeing that vessels with new boilers are classed and retain 
their class even if their boilers do not become i*esurveyed for four years? 
and that the majority of them do not become resurveyed within this 
period, it is evident that Lloyd's Eules for new boilers must provide an 
allowance for corrosion, and consequent deterioration of strength, greater 
than would be required if the boilers were only to be passed for twelve 
months. 

So far, however, from the Board of Trade Eules permitting of higher 
pressures in boilers passed for one year only than those for which the 
same boilers would be passed by Hoyd's Eegister for four years, the 
Eules of the latter body permit of pressures of from 10 per cent, to 25 
per cent, greater being carried than would be allowed by the Board of 
T rade. Further, of the hundreds of steam vessels coming under the 
nspection of Lloyd's Eegister, with their boilers four years old, although 
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their strength must have then become somewhat reduced, ^n most cases 
they are found to be sufficiently strong to be passed for a further period 
of two years with their original working pressure, and in very many 
instances are boilers eight years of age and upwards, originally con- 
structed no stronger than now required by Lloyd's Eules, working safely 
without having had their pressures reduced. 

Not only, however, do the Board of Trade Eules insist upon a less 
pressure being carried in all cases than it would appear could safely be 
allowed, but these rules, by not being based upon a sound system, se- 
verely handicap some particular methods of construction as compared 
with others, and thus fail to inspire confidence in marine engineers. 

For instance, on referring to the rules for cylindrical shells, we find : 

It lias been represented to the Board of Trade that boilers weU constructed, well 
designed, and made of good material, should have an advantage in the matter of 
working pressure over boilers inferior in any of the above respects, as unless this is 
done the superior boiler is placed at a disadvantage, and good workmanship and ma- 
terial will be discouraged. The Board of Trade surveyors have endeavored for some 
time to take all these points into consideration in fixing pressure, and for this pur- 
pose the following; rules were prepared, and, at the request of engineering firms, sub- 
sequently circulated. 

When cylindrical boilers are made of the best material, with all rivet- holes drilled 
in place, and all the seams fitted with double butt straps each of at least five-eighths 
the thickness of the plates they cover, and all the seams at least double riveted, with 
rivets having an allowance of not more than 75 per cent, over single sheer, and pro- 
vided that the boilers have been open to inspection during the whole period of con. 
struction, then 5 may be used as the factor of safety. The tensile strength of the iron 
is to be taken as equal to 47,000 pounds per square inch with the grain, and 40,000 
pounds across the grain. The boilers must be tested by hydraulic pressure to twice 
the working pressure, in the presence and to the satisfaction of the Board's surveyors. 
But when the above conditions are not complied with, the additions in the following 
scale must be added to the factor 5, according to the circumstances of each case : 
A .15 To be added when all the holes are fair and good in the longitudinal seams, 

but drilled out of place after bending. 
B .3 To be added when all the holes are fair and good in the longitudinal seams 

but drilled out of place before bending. 
C .3 To be added when all the holes are fair and good in the longitudinal seams, 

but punched after bending instead of drilled. 
D .5 To be added when all the holes are fair and good in the longitudinal seams, 

but punched before bending. 
£* .75 To be added when all the holes are not fair and good in the longitudinal 

seams. 
F .1 To be added if the holes are all fair and good in the circumferential seams, 

but drilled out of place after bending. 
G .15 To be added if the holes are fair and good in the circumferential seams, 

but drilled before bending. 
H .15 To be added if the holes are fair and good in the circumferential seams, 

but punched after bending. 
I , J2 To be added if the holes are fair and good in the circumferential seamf), 

but punched before bending. 
J* .2 To be added if the holes are not fair and good in the circumferential seamsi 
K .2 To be added if double butt straps are not fitted to the longitudinal seams, 

and the said seams are lap and double riveted. 
2872— No. 16 5 
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L .1 To be added if double butt straps are not fitted to the lougitudiual Beams, 

* and the said seams are lap and treble riveted. 

M .3 To be added if only single butt straps are fitted to the longitudinal seams, 

and the said seams are double riveted. 
N .15 ^To be added if only single butt straps are fitted to the longitudinal seams, 

and the said seams are treble riveted. 
O 1.0 To be added when any description of joint in the longitudinal seams is 

single riveted. 
P .1 To be added if the circumferential seams are fitted with single butt straps, 

and are double riveted. 
Q .2 To be added if the ciixumferential seams are fitted with single butt straps, 

and are single riveted. 
R .1 To be added if the circumferential seams are fitted with double butt straps, 

and are single riveted. 
S .1 To be added if the circumferential seams are lap joints, and are double 

riveted. 
T .2 To be added if the circumferential seams are lap joints, and are single 

riveted. 
U .25 To be added when the circumferential seams are lap, and the strakes of 

plates are not entirely under or over, 
y .3 To be added when the boiler is of such a length as to fire from both ends, 

or is of unusual length, such as flue boilers ; and the circumferential 

seams are fitted as described opposite P, K, and S, but of course when 

the circumferpntial seams are as described opposite Q and T, V .3 will 
• become V .4. 
W* .4 To be added if the seams are not properly crossed. 
X* .4 To be added when the iron is in any way doubtful, and the surveyor is not 

satisfied that it is of the best quality. 
T 1.65 To be added if the boiler is not open to inspection during the whole period 

of its construction. 

Where marked * the allowance may be increased still further if the workmanship 

or material is very doubtful or very unsatisfactory. 

The strength of the joints is found by the following method : 

Pitch— Diameter of rivets X 100 ^ ^ ^ .^ ^ ..... x 
Pitch ^^ percentage of strength of plate at joint as com- . 

,., , Area of rivets X number of rows of rivets X 100 
pared with the solid plate. ^.^^^-^ thickness^f plateT = P^^" 

centage of strength of rivets, as compared with the solid plate. t 
Then take iron as equal to 47,000 pounds per square inch, and use the smallest of 

the two percentages as to the strength of the joint, and adopt the factor of safety aa 

found from the preceding scale : 

47,000 X percentage of strengt h of joint X twice the thickness o f the plate in inches 
Inside diameter of the boiler in inches X factor of safety. 

= pressure to be allowed per square inch on the safety valves. 

This scale seems to provide for all possible methods of constracting 
cylindrical boiler shells, and if the additions to the factor of safety 
made by it were such that the ratio of the ultimate strength to the 
working pressure allowed was in all cases the same, no objections could 
be raised to the scale. This, however, is far from being the case. 

It is generally received that the strength of a cylindrical boiler shell 
to resist an internal pressure is dependent upon the strength of the ma- 
terial and of the proportions of the longitudinal seams. The pressure 

t If the rivets are exposed to double sheer, multiply the percentage as found by 1.75. 
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on the ends of the boiler, being mostly borne by the stays, causes very 
little strain upon the circumferential seams, and so long as these seams 
are tight no more is required of them ; the design of these seams, 
whether lap, single strapped, or double strapped, single or double riv- 
eted, with punched or drilled holes, having absolutely no effect upon 
the ultimate strength of the shell. There are, however, no less than 
six provisions in the scale as to the design of these joints, and five as 
to the method of making the holes in them, some of these provisions 
involving a possible reduction of 12 per cent, in the working pressure* 
Curiously enough, although these eleven provisions are made, no notice 
whatever is taken of the proportions of the diameter and pitch of the 
rivets in regard to the thickness of the plates, the most important points 
so far as the ef^ciencies of these joints are concerned. 

With regard to the longitudinal joints, there can be no doubt that if 
the holes are punched the plate is weakened to a somewhat greater ex- 
tent than it would be if they were drilled, and possibly the plate may 
be left a little stronger if it is holed after bending than if holed before 
bending ; but there can surely be no justification whatever for the 
provision A in the above scale, the holes in each case being required 
to be fair and good and drilled after bending. When we consider the 
rivets, however, experience has shown that rivets in punched holes are 
certainly not weaker than those in drilled holes ; yet these rules, by re- 
quiring the same sectional area of rivet as net section of plate in all 
cases, or by reducing the pressure in proportion as the rivet area falls 
short of this, allow a less strain to be borne by rivets in punched holes 
than by those in drilled holes of the same size; a difference of 10 per 
cent, being made in this way by the provision D. 

It would be impossible, in the limits of this paper, to exhaustively 
criticise the whole of these twenty-five conditions. I will here only 
further remark, that the condition V victimizes double-ended boilers to 
the extent of from 6 to 7 per cent. 

The Bog.rd of Trade Rules for furnaces, again, give a variety of differ- 
ent pressures for flues of the same diameter, length, and thickness, 
according to the method constructing the longitudinal joints, a furnace 
with a welded seam being allowed to work at a pressure 50 per cent, in 
excess of that which would be allowed if the joint were lapped and 
single riveted with punched rivet holes. In these rules, as with those 
referring to the circumferential joints of cylindrical shells, the method 
of making the holes in the plate is deemed to be of great importance, 
while the proportions of diameter and pitch of rivets to the thickness 
of the plates are again ignored. 

Kow, with the same dimensions and furnaces, and with the same 
strength of materials employed, it is well known that the strength of 
the structure to resist collapse depends upon the roundness of the flue, 
and not upon the method of joining or holeing the plates. Actual 
measurements of hundreds of flues, constructed by all the engineering 
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firms throughout the country, have been taken by Lloyd^s surveyors in 
the ordinary course of their duties, and the results show chat not one 
method of making the joints gives invariably better results as regards 
roundness, than others, some of the fines most out of truth being welded 
or fitted with double-butt straps. 

Lloyd's Knles with regard to furnaces would permit in some cases of 
more than 70 per cent, greater pressure being carried than would be 
allowed by those of the Board of Trade ; and in no case yet have 
Lloyd's Bules, out of the thousands of boilers made in accordance with 
them, being proved to be too light, the whole of the cases of collapse 
of furnaces which have occurred being clearly due to overheating from 
various causes. 

The Board of Trade Bules in respect to furnaces do not absolutely pre- 
vent high pressures being carried in the same way as their rules for 
shells, because the strength of a furnace can be increased without 
thickening the furnace plates by fitting anti-collapsing rings, but all 
engineers who have. the responsibility of keeping in order boilers fitted 
with these rings feel so strongly upon this point, on account of the 
anxiety and trouble these rings inctir, that nothing but sheer necessity 
can induce them to have them fitted. 

Again, the Board of Trade Eules for thickness of flat plates, assume 
their strength to vary directly as the square o^ their thickness in 
sixteenths -f, 1, and inversely as the surface supported —6 square 
inches, a law which cannot possibly be true. Moreover, if the co- 
efficients employed are suitable for the pitches and pressures usually 
employed with thick plates, this rule must give results dangerously 
weak when applied to thinner plates with smaller pitches ; while, if the 
co-efficients are suitable for the thin plates, it must seriously reduce the 
pressures allowed to be borne by thick plates. If any difference in 
point of original strength is required in the cases of thick vs. thin plates, 
surely the thin ones should be made relatively stronger, since they 
would be more weakened than the thick ones by an equal amount of 
corrosion. 

These rules for flat plates, like those for furnaces, do not absolutely 
prevent high pressures being carried, since it is possible to meet them 
by pitching the stays very closely together ; but this close pitching of 
the stays, like the fitting of anti-collapsing rings to furnaces, seriously 
interferes with the continued efficiency and safety of the boiler, by ren- 
dering it extremely difficult, and in some parts impossible, to obtain 
access to the various portions of the boiler for purposes of inspection, 
cleaning, and repair. The rules for shells, however, offer a complete 
obstacle to further progress in marine engineering, as the thickness of 
plates now rendered necessary by them to enable existing pressures to 
be carried is as great as can be properly closed and riveted together 
with our present appliances ; and although powerful hydraulic riveters 
are employed for this work, it must be remembered that with our pres- 



69 

eut form of boiler it is necessary for at least one circumferential seam 
to be riveted by hand. 

In the case of steam vessels built under Board of Trade inspection, 
and originally intended to receive a passenger certificate, the hardship 
of these rules, although serious, is not so directly felt as in those cases 
in which existing steam vessels, through changes of commercial activ- 
ity, the opening of new trades, &c., require to carry more than twelve 
passengers ; because in the one case the owners from the first have 
been aware of the disabilities to which they would be subjected, and 
the machinery has been designed to work at the relatively low press- 
ures; but to the owners of the other vessels it must appear to be not 
only absurd, but also despotic, that the boilers will only be allowed 
to carry a fraction of the steam pressure for which the machinery has 
been designed, and for which both boilers and engines have proved to 
be perfectly safe. A large reduction of pressure in a compound engine 
proportioned for a high pressure means a considerable loss of efficiency, 
and in the case of low-powered steamers it may often happen that this 
reduction of pressure and power, instea<l of rendering the vessel more 
safe, may, by rendering her less managouble, actually tend to increase 
her chances of succumbing to heavy weather. 

It will be within the recollection of many ship-owners and others 
here that a few winters ago considerable anxiety was felt as to the 
safety of many steamers then engaged in the Atlantic trade, solely on 
account of their being of low power. 

I have referred in the early part of this paper to some figures show- 
ing the immense interest this country has in the steam commercial 
marine, and have shown that the Board of Trade Bules press unne<».es- 
sarily heavily upon its prosperity. It is very difficult to estimate the 
monetary loss annually inflicted upon the country by these rules, but 
assuming that the average steaming time of all sea- going passenger 
steamers is 250 days per annum, and that the boilers of these vessels 
are capable of being worked safely at pressures 20 per cent, greater 
than those actually allowed, and that this 20 per cent, increase of press- 
ure would give about 4 per cent, increase of efficiency, figures which 
are all well within the mark, then at least 300,000 tons of coal are burned 
per annum in these passenger steamers wastefully. 

Assuming that the average cost of this coal is £1 per ton, and that 
the average loss in freight through having to carry this coal instead of 
cargo is £1 per ton, we see that these rules cost the country more than 
half a million pounds per year. 

Having pointed out some of the great hardships at present inflicted by 
these Rules, I can only, in conclusion, express the hope that the presi- 
dent and council of this institution may agree with me that this is a 
subject in regard to which they might with great public advantage 
bring their influence to bear upon the authorities of the Board of Trade, 
with a view to having these Rules placed upon a satisfactoiy basis 5 
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and, if I may make a suggestion on this point, it would be to the eflfect 
that in revising the Eules, those engineers of eminence, who have had 
large experience not only in making but in the upholding and running 
of marine machinery, should be invited to give their experiences, as 
these would be of the greatest value in framing rules for minimum 
strength. 



DISCflSSION. 



Mr. Maofablane Gray. My lord and gentlemen, I need not tell 
you that I do not represent the Board of Trade. I know very little 
about the Eules. The rules belong to another department in the Board 
of Trade than that with which I am connected ; and where there are 
different departments in a concern, it Is sometimes better for those of 
one department not to pay too much attention to the affairs of another 
department. I myself, therefore, have not paid very much attention to 
these Eules, and if I this morning make any mistake in interpreting 
them, you must forgive me. The remarks that I have to make, then, 
are simply those which have occurred to me as one having a little 
knowledge of these things. Looking at Mr. Milton's paper, it seems 
to me that it expresses the influences of the Board of Trade Eules 
upon Lloyd's surveyors more than upon the commercial marine. If 
you turn with me to the paragraph beginning : " It is generally re- 
ceived (this is the first paragraph containing his attack) that the 
strength of a cylindrical boiler shell to resist an internal pressure is 
dependent upon the strength of the material and of the proportions 
of the longitudinal seams." This, then, is to be the basis of our rules, 
if this body is iBstablished to make new rules, and if Mr. Milton has his 
way. Kow, is this the case ! It seems to be so, by describing a circle 
and by drawing a boiler longitudinally, that the circumferential seams 
are, in every case, if the joints are the same, double the strength of the 
longitudinal, that is, that they have 50 per cent, to spare. If you ask 
the boilers themselves, what do they say? Are they not to have any 
voice upon the matter? I wish I could have taken you with me to a 
dock in London a few yeai*s ago — I am sure Mr. Parker saw it — where 
you could have seen the boilers of the screw steamer the Thames. In 
those boilers a circumferential seam went — I am within an inch or two 
of it — in one instance, say, 100 inches ; there was a seam-rip of 100 
inches right across the boiler. ISTow, how would Mr. Milton explain 
that? Did any of us ever hear of a longitudinal seem of a boiler hav- 
ing 100 inches of seam-rip? Where would the boilers have been if 
they had been at sea under the normal pressure? Fortunately, on this 
occasion the pressure was only 17 pounds to the square inch instead of 
70 pounds. If it had been 70 pounds — and it might come about to be 
70 pounds and that very thing to happen — where would that boiler have 



71 

been ! Kow, I think this ought to dispose very fully of this statement 
that the strength of a boiler shell is dependent solely upon the strength 
of the material and of the proportions of the longitudinal seams. I 
say that it is not ; that practically the circumferential seams of a boiler 
are far more strained than the others, as any man knows who has ex- 
amined the bottom of a boiler and has seen where the leaking goes 
on. It is the circumferential seams, it is not by the hydrostatic press- 
ure, nor the normal uniform pressure all through. It is the unequal 
heating of the parts of the boiler, and the boiler must be made strong 
enough for that. You may say, "Well, that is only one case." Only one 
case ! Well, you would not require to go very far to find another. 
While the engineer was looking at this one, he could not understand it. 
He had heard a strange noise ; he thought some one had got a box of 
safety-matches and was striking them all around him. He heard the 
noise and could not make out where the sound was coming from, until 
he saw the boiler actually opening before him. Then, again, he told me, 
"It was just as if another fellow had got another box of matches be- 
hind my back and was striking them there ; it was the other boiler go- 
ing the same way." That was his account of it. He found it was the 
other boiler going the same way at his back. It went at 17 pounds press- 
ure. Now, the cause of that was that they had run in some cold wa- 
ter at the bottom of the boiler ; they had run it in from the sea. They 
were coating the boiler with cement and heating the boiler to dry it, and 
had opened the sea-cock and allowed the water to run in from the sea. 
They, therefore, had a body of cold water lying in the bottom of the 
boiler, and by and by when the pressure rose to 17 or 18 pounds, away 
went the boiler in that way. Now, that did happen there, but you may 
say it could not happen at sea. We did not expect that to happen 
there. We do not provide specially — we cannot, T suppose — for every- 
thing we have to meet in regard to making boilers strong enough. Such 
an accident might occur at sea in this way : If one of a set of boilers 
has been for some reason or other laid off, and it is connected again, and 
if some fool opens the stop- valve, the communicating valve between the 
two boilers, while a large quantity of cold water is lying at the bottom 
of the boiler, and lets in at once the full pressure at which it is intended 
to work, where will the boiler go ? It has not happened yet, and these 
boilers are said to be quite safe. I know they dre perfectly safe until 
some accident of this kind happens. We could all name boilers that 
were perfectly safe, and believed to be perfectly safe, until there was 
something about the opening of a stop-valve, or a rivet, bag left in a 
stop-valve, or something else of that sort, which caused an accident. 
Now, we cannot tell when the mistake will happen, but that has hap- 
pened already, and I say that I have shown, I think, from that one ex- 
ample, that it is quite a mistake to make that statement that the strength 
of a boiler depends upon its longitudinal seams only, and that therefore 
you need make the circumferential seams only half the strength. I do 
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not dispute at all that the strength one way against internal pressure 
is double the strength of the other. The longitudinal seams have 
equally over the whole length about the same strain, whereas the cir- 
cumferential seams may have even almost compression on one side of the 
boiler and a very inordinately increased amount of tension upon the 
other. Now, that must have been the case with regard to that boiler 
of the Thames. Mr. Milton ridicules your having these provisions for 
the circumferential seams. Of course, I do not know whether Mr. Mil- 
ton is making a mistake to suppose that the additions for the circumfer- 
ential seams are to be added after the correspondiog additions for the 
longitudinal seams have been added. 

Mr. Milton. They are. 

Mr. Maofablane Gray. They are not at all. The rules do not say 
that the one is to be added to the other. 

Mr. Milton. Read the rule. 

Mr. Macfablanb Gray. It is simply insulting the surveyors to im- 
agine that they would do it. If you are making an allowance for a chafed 
rope, and if you find that at a certain part of the rope there is, say, 20 
per cent, of it gone, and you make an allowance for that 20 per ceut., 
then in passing over the rope, you find another part of it where it is 10 
per cent, gone, Mr. Milton fancies that they are so foolish in the Board 
of Trade that they would add the two and say, "That is 30 per cent.'^ 
That is nonsense ; they do nothing of the sort. 

The President. Mr. Milton will have the opportunity of replying, 
but I must ask you to be a little cautious in the phrases yoji use. 

Mr. Macfarlane Gray. I should be very sorry if I have said any- 
thing wrong or out of taste. He says in the paper : 

Cnriouflly enough, althongh these eleven provisions are made, no notice whatever 
is taken of the proportions of the diameter and pitch of the rivets in regard to the 
thickness of the plates. 

I am not aware of that. I think they are the usual proportions of 
rivets to plates, and the rules distinctly tell that where there is any 
boiler with unusual proportions the surveyor or the builder has to apply 
to the Board, and that unusual proportions come under a different rule 
altogether. I think that is about all in that paragraph that I need no- 
tice. Then in the next paragraph we have this : "With regard to the 
longitudinal joints, there can be no doubt that if the holes are punched 
the plate is weakened to a somewhat greater ext^ent than it would be if 
they were drilled.^' He says : "Possibly the plate may be left a little 
stronger if it is holed after bending than if holed before bending ; but 
there can surely be no justification whatever for the provision A in the 
above scale, the holes in each case being required to be fair and good, 
and drilled after bending,'^ and he goes on to complain of the 10 per 
cent, in D. That refers to the provision for holing or punching before 
bending. Kow, remember, I have nothing whatever to do with these 
rules— nothing whatever. I do not know how they were made, but the 
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remark I make will, perhaps, explain why they are so particalar about 
this, against beuding after holing. I remember that about that time a 
surveyor, in inspecting the plates in a first-class boiler-maker's place 
where they were making a lot of very large boilers, looked at a heap 
of plates in the yard. He said to the foreman, "Are these condemned 
plates!'' "No; these are not condemned plates." '^Why, they are 
cracked at that seaml" "Cracked I Nothing of the sort. We have 
sent back four or five plates already, but these are all right." Now, on 
examining the plates it was found that by laying the plates outside, the 
exposure to the weather had shown, what had escaped the strictest ex- 
amination before, that several of the plates were gone this way [de- 
scribing on the board]. The plates were an inch and an eighth in diam- 
eter. Taking one of the holes, there, that plate had been bent after being 
punched, and it was cracked between the holes for a dozen holes in . 
succession, and quite a number of plates were found in the same way* 
I have no doubt that many plates of that kind are put into boilers and 
the defects not seen at all. Now see what happens to it. They put on 
a covering strap, or put another plate over that — and remember this 
one is cracked — and then you put in your rivet, and that is where the 
crack is, and I have Mr. Milton's own word for it that the strength de- 
pends upon the longitudinal seam. That is thelongitudiual seam. The 
crack is half through because it was cracked by being bent after beiug 
punched. Now, I think that that would be an element of danger in a 
boiler, and I know that it was a matter of serious consideration with re- 
gard to boilers at that time by the Board of Trade. I think they there- 
fore demand from you some consideration for having made, what Mr. 
Milton calls, this very foolish rule — this ridiculous provision D; because 
if you recognize the importance of legislating against what would induce 
you to bend these after punching them, or after drilling them, then all 
that Mr. Milton has said about provision D, and all that second para- • 
graph, goes away ; it must be entirely swept out. I have only attempted 
to read this coming up in the cab this morning, and I may not under- 
stand what Mr. Milton's meaning is, but J think I am treating it fairly. 
I need only further remark this : Mr. Milton says that the condition " V '^ 
victimizes double-ended boilers to the extent of from 6 to 7 per cent. 
I do not know whether he chooses the word " victimizing " because it 
begins with V 5 i>erhaps that suggested the word, but I cannot see the 
appropriateness of it. Now, surely, we all know that the strains upon 
the circumferential seams upon the bottom of a double-ended boiler are 
something very different from those upon a single-ended boiler. There 
is a want of elasticity in a double-ended boiler, especially with through 
furnaces. If you put through furnaces,* perhaps making them in one 
plate from end to end, and having these furnace plates come within, say, 
five or six inches of the side of the boiler, then there is an unequal expan- 
sion and contraction — a hot furnace and a cold boiler shell; this is one 
of the grievances, and it is a grievance in this boiler, that, because it 
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nad that extra strain put upon it, you have actually given it 6 or 7 per 
<5ent. more strength to stand it. He says that victimizes it, because you 
make it stronger when it has more to do. I do riot know what the mean- 
ing of victimizing is, for 6 or 7 per cent, is rather under the extra work 
it has to do. 

The President. I am bound to point out, Mr. Macfarlane Gray, that 
you have reached the limit of time usually allowed to speakers. 

Mr. Macfarlane Gray. My lord, I could go on in the same way, 
I think, for every part of this paper. 

Sir Edward Eeed. I rise to order. This paper involves one of the 
broadest and severest attacks upon a public department that I have 
known in this Institution. Mr. Macfarlane Gray, i t is true, has disclaimed 
all responsibility for that department, and does not speak in its name ; 
but, as he is an officer in the department, I venture to suggest whether the 
meeting would not allow Mr. Gray the necessary scope in point of time 
for replying pretty fully to the paper. 

The President. I quite felt that myself; but still I am here to en- 
force the rules, and I only called Mr. Macfarlane Gray's attention to the 
rules. I am quite sure the meeting will allow him that latitude which 
I am perfectly willing to grant. I am acting simply as your servant in 
these matters. 

Sir Edward Eeed. My lord, it has been the usage for the president, 
when a question of this sort has been raised, to take the sense of the 
meeting ; that is why I rose. 

His Lordship having put it to the meeting that Mr. Macfarlane 
Oray should be allowed to proceed, it was so resolved. 

Mr. Macfarlane Gray. Then, my lord, in the money paragraph — 
what I may call the " money article ^ of this paper — Mr. Milton draws 
our attention to what he makes up to be nearly half a million of money 
annually which might be saved. Now, there is a lot more money that 
might be saved ; there are a number of millions of bullion which very 
many, who do not know anything about it, think lie uselessly in the 
Bank of England when it might be in circulation. But the money is 
there for a certain purpose ; it is for safety that it is there. If this also 
provides safety, perhaps there is a justification for this being so. Now, 
let us see whether Mr. Milton is right with regard to these 300,000 tons. 
In the first place, he has assumed that every owner is anxious to go into 
'20 per cent, higher pressures. I question that. He has also assumed 
that every passenger is anxious that the pressure should be increased 
20 per cent, in the engine. I question that. And I make this state- 
ment, that I think that if today the pressure were increased 20 per 
•cent., no more than one-fifth of the number of vessels here would be in- 
creased that 20 per cent, of pressure. Now, if we take it as one-fifth, 
what does it amount to ? As it stands, it comes to something less than 
2^d. per head per annum, and that would reduce it to less than a half- 
penny per head per annum ; that is to say, that for less than a half- 
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penny a year the public can have this security that the boilers that carry 
them are too strong as pronounced by a rival institution. Now, is that, 
or is it not, worth a halfpenny per head per annum! Well, my lord, 
I will not say more, because it really is not fair to the department to 
which I belong that 1 should presume to have spoken here this morning, 
because 1 believe that those connected with it would be able to make a 
far better reply than I have made ; but still I think there is something 
in what I have said. 

Sir W. Siemens. My lord, when gods fall out mortals must suffer, 
and I present myself today here as one of those sufferers, in the char- 
acter of a ship-owner. Nine years ago I had a ship constructed for cable 
purposes, the Faraday. I took great care myself of all the arrange- 
ments necessary to make that ship efficient for. laying and picking up 
cables, but as regards boilers and engines I relied entirely upon the 
Board of Trade Rules and Lloyd's Rules as they then existed, my in- 
structions being simply, <' Make the boilers as safe and the engines as 
efficient as they can be made.'' The result was undoubtedly a success. 
That ship never failed to do its arduous duties, being out on the Atlantic 
sometimes in the winter months for weeks together engaged in very 
rough work. But in the course of a few years the Board of Trade Rules 
were altered, and it was intimated that these boilers were really no 
longer sufficient under the new rules laid down. We had the boilers 
carefully inspected after each voyage, and they were pronounced both 
by the Board of Trade surveyors and Lloyd's surveyors to be in perfect 
condition. Nevertheless, in order to induce us to fall in with the new 
rule, the pressure was reduced after each voyage 5 pounds, and we 
would very soon have been in the happy condition of depending upon 
our sails. The operations that have to be carried on on board this ship 
are so important that I decided to have steel boilers put in, at an ex- 
pense of £10,000, although the inspection of the boilers proved that 
they were in perfect condition. Now, this is a hard case to me as a 
ship-owner, because if the two authorities had been agreed regarding 
the rules I should not have been put to this expense, and have had to 
sell good boilers second-hand, which have gone into other ships not re- 
quiring to be under the rules of the Board of Trade. As an engineer, 
and one interested in the manufacture of materials, I should say that 
the Board of Trade rules give us excessive thicknesses — especially in 
cases where first class material is used. I see that certain strengths 
of iron are assumed, not according to the tests this iron can stand, 
but it is to be taken as equal to 47,000 pounds per square inch in 
the one direction and 40,000 pounds in the other. Now this seems to 
involve a condition of things which does not exist — that of all materials 
being equally good. I would rather say, have, each plate, whether it 
be steel or iron, tested, and if it does not stand an elongation of 20 per 
cent, in a bar 8 inches long, it ought to be considered unfit for being 
put into a boiler. Mr. Macfarlane Gray has given us his reasons why 
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the Board of Trade insist upon a thickness 6f plate exceeding, as he ad- 
mits, the necessities of tlie case. He has given us an instance where, at 
a pressure of only 17 pounds, a plate had cracked all along the seam, 
although the boiler was expected to stand 70 pounds. But I fail to fol- 
low Mr. Macfarlane Gray in his argum ent. The forces that come to 
bear (viz, the strain) upon the material through expansion by heat in- 
crease enormously with the resisting power of that material, and there- 
fore the very fact which Mr. Macfarlane Gray has brought before us ap- 
pears to me to tend rather in the direction of avoiding excess of thick- 
ness, because with excess of thickness you get always, whatever be the 
nature of the material you employ, an inferior plate. But, I say, have 
sufficient thickness, and be more careful regarding the quality of the ma- 
terial which is employed. If the material of which that boiler was con- 
structed had been such as would elongate 20 or 30 percent, before break- 
ing, I am quite certain that the strain put upon it by expansion would 
have had for its results simply a local elongation, but there would have 
been accommodation; whereas rigid material has no accommodation, 
but must yield when, through local action at any one point, the strain 
put upon it exceeds its absolute strength. This, therefore, appears to me 
to furnish a very powerful argument in favor of a material of high duc- 
tility, and the fault I would find with all these rules is that that factor 
of ductility is not introduced as part of the factor of safety. Now, Sir 
Joseph Whitworth, who has given much attention to this subject, has 
laid it down as a rule that the value of a material is composed of the 
sum of its ultimate strength and of its yielding power under strain* 
I believe that that is a very excellent rule. Therefore if the factor of 
safety of 5 is none too much for a material that would break when ex- 
tended 10 per cent., if it could be made to extend 20 per cent., the fac- 
tor 5 ought to come down to the factor 4 ; and you would get with 
that factor at least as much safety as you would get with the factor 5 
and the lower extensibility of the material. This is a question which 
I hope will be very fully and carefully discussed, and I trust that it 
will lead to a rule in which both the Board of Trade and Lloyd's sur- 
veyors concur, in order to prevent the recurrence of such incidents as 
I have given you. 

Mr. MaoOoll. My lord and gentlemen, in making a few remarks 
upon this paper, I shall begin by expressing my personal belief that the 
effect of the Board of Trade Rules which have been in existence for the 
last nine or ten years has been to raise the whole tone of boiler-making 
in this country, and they have done so, not, I think, by improving the 
better class of boiler-making, but by leveling up, by raising the quality 
of the work done by those who were previously in the habit of making 
inferior work. We have all seen boilers made before the existence of 
these rules, whose condition was simply absurd, double-riveted longi- 
tudinal seams which were no better than single-riveted seams, which 
were only double-riveted in the sense that they had two rows of rivets, 
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but with regard to strength they were only single-riveted. In making 
these remarks regarding the effect of the Board of Trade Rales upon 
boiler-making, I do not lose sight of the fact that a little over eight 
years since I had the honor of reading a paper before a kindred institu- 
tion, the Institution of Engineers and Shipbuilders in Scotland, criticis- 
ing these rules ; and in making the statement I have just made I do 
not forget that the principles which I then thought were wrong in those 
rules I still think to be wrotig, notwithstanding what Mr. Macfarlane 
Gray has told us today. I do not believe, and I do not think that en- 
gineers in this country believe, that a double butt-strapped and double- 
riveted transverse seam increases the strength of the boiler over a 
double-riveted lap seam ; and this is proved by the fact that the ideal 
boiler, as I may call it, is not at present the boiler of this country, nor 
the boiler that is made to any large extent in this country. I think we 
shall find that the usual practice in boiler-making is to lap and double- 
rivet the transverse seams, and to have the longitudinal seams either 
lapped and treble-riveted or double butt-strapped and double-riveted — 
unless, perhaps, in a very few exceptional cases, the other system of 
double-butt strapping and double-riveting the entire boiler has been 
adopted. Mr. Macfarlane Gray has to-day given us a reason why we 
should go in for such a very expensive method of making our boilers. 
But his reason is not one which I think we should adopt. I do not 
think the boiler he spoke of would have been a better boiler, or would 
have stood better, if it had had double-butt-strapped transverse seams. 
I do not know all the facts of the case, but I should judge that if that 
boiler had not been rigidly stayed from end to end, and the furnaces 
had a little elasticity, it would not have fractured at the transverse 
seam. Upon this point I feel satisfied that the Board of Trade made a 
great mistake in insisting upon boilers being made too rigid, and I think 
over-staying has just the same eftect on a boiler that tight-lacing has 
on a lady. The one is ruinous to the health of the boiler just as the 
other is ruinous to the health of the lady. I believe if the Board of 
Trade would allow us to put fewer stays, particularly at the lower parts, 
we should make much better boilers than we do. I have no hesitation 
in saying that. I quite agree with Mr. Milton that most of these addi- 
tions for different methods of making the transverse seams should be 
wiped out of the rules, and that it should be considered that lapped and 
double-riveted joints in the transverse seams are just as good as any- 
thing that can be made. I find, however, that if we take steel — ^and that 
is ho doubt the material, not of the future but of the present ; I do not 
know what the practice is in London, but in Liverpool there are hardly 
such things as iron boilers being made, and the exceptions are* only 
made at the express wish of individuals— but taking steel boilers, I find 
that with a thickness less than nine-sixteenths, the Board of Trade, in- 
stead of giving us less pressure than Lloyd's, give us more ; and if the 
thickness is between nine-sixteenths and three-fourths, Lloyd's and the 
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Board of Trade practically agree, but if the thickness is over three- 
fourths, Lloyd's give us an advantage of something like 4 percent. Now, 
in view of this I do not see how all Mr. Milton's remarks about the effect 
of these rules can be correct. I have not taken the trouble to look into 
the matter in connection with iron boilers, because I do not, as far as I 
can help it, have anything to do with them. You will have noticed, no 
doubt, that the thinner plate gives, according to Lloyd's Rule, less press- 
ure in proportion. That is just quite in opposition to what Dr. Sie- 
mens has just told us to be the correct thing. He has told us that the 
thinner the plate the greater its proportionate strength— at least I 
took that to be his meaning; and the sketch made by Mr. Macfarlane 
Gray is a proof that a thin plate is better than a thick one. Lloyd's 
have told us to-day why they allow a less proportionate pressure for 
the thinner plate. From Mr. Milton's comparison of the two rules it 
appears that boilers are intended to run for four years without a 
survey. Well, I only express my own opinion, but I think that principle 
is wrong. No boiler ought to be constructed and no provision ought 
to be made for the running of a boiler for four years without a survey. 
My own opinion is that every part of the machinery of a ship ought to be 
surveyed every twelve months — ^boilers and everything else. This pro- 
vision is also made because it is assumed that corrosion is to go on in 
the boiler. Now, as a matter of fact, the question of corrosion has been 
thoroughly mastered, at least by some people, I may say ; and there 
are gentlemen in this room to corroborate me when I say that boilers 
have been built for eleven years, and have been running all that time, 
and you will not find in the whole of the inside of these boilers one 
speck of corrosion. Now, if this is possible in one case it is pos- 
sible in all, and if it is possible in all, why should Lloyd's saddle 
us with additional thicknesses to provide for something which need 
not occur ? Even if corrosion did occur, I do not see that it is right 
that the original structure of the boiler should be saddled with an 
increased thickness to provide for something which may afterwkrds 
happen. I think if corrosion does go on to a great extent, as is antici- 
pated, the pressure of the boiler ought to be reduced, and that, in or- 
der to provide for this, it ought to be the duty not of Lloyd's, but of the 
ship-owner, to make the provision. Then there is another thing to be 
considered. If we take a shell only three-eighths of an inch thick, and 
assume that it loses one-sixteenth of an inch by corrosion, how much 
does this amount to ? One-sixth — 17 per cent, of its original thickness ; 
and if it is made with a double butt strap, there is no reason why its 
original strength should be reduced one single pound, because the body 
of the plate only would be reduced in thickness, while the weaker part, 
the joint, retained its original strength. While the Board of Trade 
Rules are not all that can be desired, neither is the basis of Lloyd's 
Rules quite so sound as one would wish. Now, as regards the pressure 
allowed on furnaces. The Board of Trade Rule for furnaces is a very 
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curious thing. There is no, doubt about that 5 still, the efiect of both 
rules is practically the same, as the compressive strain is limited to 
4,000 pounds to the square inch, or something like that, I am not sure of 
the figure, but there is a limit. At any rate, you cannot exceed a 
certain compressive strain, so that, practically, the thing comes to be 
about as broad as it is long, taking one rule with the other. In any 
case, in making a furnace, a thirty-second or a sixteenth of an inch 
thicker is not a very serious matter. Then as regards the rules for fiat 
plates, I shall pass on, leaving that, because I do not think there is 
much in it. Lloyd's allow nothing extra for steel, but the Board of 
Trade do ; practically, however, for steel, excepting for thick plates^ 
both rules come to pretty much the same thing. Further on, Mr. Milton 
says: " The rules for shells offer a complete obstacle to further progress 
in marine engineering, as the thickness of plates now rendered neces- 
sary by them to enable existing pressures to be carried is as great as 
can be properly closed and riveted together with our present appliances.'^ 
I have already expressed my own opinion as to these rules ; but if we 
use steel we can make, by the Board of Trade Eules, a boiler to carry 
150 pounds in a diameter of 10 feet, with a thickness of less than an 
inch. And no practical man here would say that this is a thickness 
that could not be dealt with by ordinary machines, and even according 
to Lloyd's Bules the thickness would only be 4 per cent, less than that. 
Mr. Macfarlane Gray has touched upon the last part of the paper, and 
I agree with him in saying that it involves a great fallacy 5 I mean the 
loss to the country of half a million per annum. The whole calculation 
is based upon the assumption that the machinery of existing steamers 
has been designed for 20 per cent, higher pressure than is at present 
used, or, in other words, that the pressure has been reduced 20 per cent* 
I do not think that is the case at all. I think that, as a rule, the pres- 
sure which boilers carry is the pressure for which the machinery was 
designed, and if we increased the boiler pressure 20 per cent, we should 
find that the machinery was not capable of standing it. It assumes, as 
Mr. Macfarlane Gray told us, that owners are anxious to increase press- 
ures, and I do not think this is the case. At any rate, I can speak for 
Liverpool, where the pressure is now about 90 pounds ; we are making 
boilers to 95 pounds or 100 pounds, but the general pressure' is 90 
pounds. 

Mr. E. H. Andrews. My lord, I should like to call attention to the 
last paragraph of this paper. Mr. Milton there says that he hopes 
" the president and council of this Institution may agree with him that 
this is a subject in regard to which they might with great public ad- 
vantage bring their influence to bear upon the authorities of the Board 
of Trade, with a view to having these rules placed upon a satisfactory 
basis." I would suggest that if ever the officers of the Board of Trade 
and Lloyd's Register do put their heads together to try to put these 
rules upon a more satisfactory basis, they will advocate the compulsory 
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inspection of all boilers, whether made of iron or steel, during all 
stages of their constraction, by thoroughly competent men, and will 
also use their influence to induce our legislators to make a law to that 
effect. The result of that would be this: Instead of plates being put 
into boilers with defects, cracks, &c., in them, which I believe is done, 
but not intentionally, the defective plates would be condemned by the 
inspector and the boiler made of sound plates ^ consequently, instead of 
the Board of Trade insisting upon all these percentages, increasing the 
thickness of plates to make up for the possibility of any defect existing 
in the plate, as pointed out and illustrated on the blackboard by Mr. 
Macfarlane Gray — ^but which perhaps is not there — they would dis- 
pense at least with Eules B, J, W, X, and Y. Most of us know that 
cracks in steel plates cannot always be seen at a glance; they must be 
looked for, and that very minutely. A part of my duties consists in 
inspecting steel boilers that have to bear working pressures varying 
from 120 pounds to 150 pounds per square inch, and I find that unless 
a careful inspection is made of plates from rivet hole to rivet hole before 
the boilers are put together, you cannot in many instances discover the 
cracks that exist. It will not do for an inspector to wait till a boiler is 
riveted together and ready for the water-pressure test, as many dan- 
gerous cracks may not then be discovered, as they may be hidden un- 
der laps, or, if exposed, be so fine a« to escape detection, and the boiler 
would be passed as being perfect. The water-pressure test may not 
reveal the cracks, as they do not always weep, although you may have 
a test pressure of double the working pressure, even 300 pounds per 
square inch; but a competent man inspecting the boiler during its con- 
struction would object to plates being used that were in any way de- 
fective. I just throw out this hint because I think many people have 
an'idea that all cracks in steel plates are so marked that you can put 
your hand in them, or, at least, they can be seen at some considerable 
distance; whereas, I find that, as a rule, they are simply very fine 
cracks, and necessitate a most careful examination, and perhaps ten to 
twenty times as long to inspect the boiler during its construction and 
water-pressure test as it would under an ordinary or casual examina- 
tion, as adopted in many cases at present. Thorough and constant in- 
spection during construction is, in my opinion, the only way of insur- 
ing reliable work on boilers, and the only satisfactory plan of recon* 
ciling the differences that exist between the Board of Trade and Lloyd^s 
Eegistry, as set forth in this paper. 

Mr. B. A. OoWPER. I think we ought to be grateful to Mr. Milton 
for bringing this very important subject before us, as it is of very great 
importance to the mercantile marine that marine boilers should be 
reasonably constructed. I cannot agree with Mr. Macfarlane Gray 
that the evils of unequal expansion by heat can be overcome by great 
thickness of metal. The power of expansion by heat is only limited 
by the ultimate strength of the metal, and by increasing the thickness 
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and increasing the power the evil effects are in no way done away with, 
but rather aggravated. When heating up a cold boiler it is best to 
blow steam through a moderately sized pipe down into the bottom of 
the cold boiler full of water, and thus cause a circulation and an even 
distribution of heat throughout. There have been many cases of 
double-flued Cornish and Lancashire boilers leaking through expansion 
of the flues by^ heat, whilst the bottom and shell were comparatively cold. 
I have heard of cases where you could bear your hand on the bottom 
when steam was up in the boiler. Galloway tubes are very useful in 
helping circulation. With very long, egg-ended boilers, such as are 
used at iron- works, heated from below, the ends curve up considerably 
on being heated. The Board of Trade Rules made boilers heavier than 
necessary — I mean unnecessarily strong, particularly for high pressures, 
and the assumption that the area of the rivets and plates should be 
equal is not exaet, as has been proved by the *' research committee^ of 
the Institution of Mechanical Engineers. Thick plates, say 1} inches 
thick, did not give as good a connection by riveting as when thinner 
plates were riveted together. Nothing but experiment would give the 
real strength of thick plates riveted together, or the right proportion- 
ate size and pitch of the rivets, for a given thickness of plate ; this 
had been thoroughly proved by the experiments of the research com- 
mittee, and they had obtained something like 7 per cent, increase of 
strength. Plates should be proved, and not " taken as of a certain 
strength,^' so that a boiler made of superior plates might be made 
lighter, just as mild steel boilers of proved plates might be made much 
lighter than if made with prdinary iron plates. It had been said in this 
room that the Board of Trade Rules were to be taken as correct with 
the " tisiial proportions " of rivets and pitch, but we were not told what 
were considered to be the ** tisual proportions.^ Kow, the " research 
committee " took a great deal of trouble to get at the practice of boiler- 
makers, and I am soixy to say that it varied so considerably that some 
were far wrong one way and some another, and there were only a very 
few near the best proportions of size of rivet to thickness of plate, 
and pitch of rivets for same. I have such a decided objection to very 
thick plates that I would never willingly use a IJ plate if I could possi- 
bly help it. If boilers were proved to double their working pressures, 
which was a rule I have settled for myself and always followed, they 
ought to be well within the ^'elastic limit '^ when so proved, so as not to 
go out of shape or strain at that proof, and there was not much margin 
wanted beyond that, in addition to something to allow for corrosion. 
Some time since, through the kindness of Mr. J. T. Smith, of Barrow, I 
had the opportunity of having a small boiler made of mild steel, J of an 
inch thick, and 4 feet diameter, and having it proved, a lot of men at 
the pumps pumping up the pressure as fast as possible, when it began 
to leak at the longitudinal seams and rivets at 420 pounds per square 
inch, but it was impossible to burst it or rend it; it was afterwards 
2872— No. 16 6 
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caulked up, and stood 350 poands pressure. This occurred when I was 
in the chair of the Mechanical Engineers, and it was the more interesting 
firom the fact of certain steel plates in boilers elsewhere giving way be- 
tween the time of .the making and the proving of this little boiler. Such 
experiments as this gave actual knowledge of facts, and great confidence 
in the admirable metal we now had at command. In reference to the 
amendments necessary in the Board of Trade Rules, it is, of course, only 
a question of time as to when they could be altered, for a wrong thing could 
not stand for very long in the face of the wide-spread intelligence of 
modem engineering; and it depends entirely upon ourselves to move in 
this matter, and lay before those in authority the very obvious improve- 
ments which might be made, and for want of which a trammel, or hin- 
drance, is at present put upon real progress in marine engineering 
economy. 

Mr. William Pabkeb. My lord, and gentlemen, I was very pleased 
to hear our friend, Mr. Macfarlane Gray, enter into this discussion, and 
refer to the boiler which I had the pleasure of inspecting with him. Mr. 
Gray considers that Mr. Milton's statement that the circumferential 
seams of a boiler have little or nothing to do with the strength of the 
boiler is wrong. On that point I differ from Mr. Gray. He endeavors 
to prove his view by repeating that the boiler of the Thames, when 
getting up steam at a pressure of only 17 pounds, cracked. Well, that 
is not the only boiler that has cracked in the same way. I think all 
engineers here will understand and agree with me that if a stupid engi- 
neer in charge of a boiler raises steam very rapidly, the top of the boiler 
must become very much hotter than the bottom; you mast naturally 
expect a great strain, even to the extent of rupture in the bottom plate. 
There is another case which I now remember, and which very likely my 
friend Mr. Laird will also remember, where boilers were strained in this 
manner to the point of rupture; that was the case of a large steamer at 
Liverpool with boilers of great length, some 18 or 19 feet long. When 
the steam was being raised in these boilers, the shell plate itself—- not 
the seam, but behind the seam — ripped round for a distance of about 10 
or 12 feet. Now, this crack was patched, and rigidly patched, and, to 
the surprise of everyone, the plate on the opposite side gave way in a 
likemanner. I think these boilers were patched on three occasions, when, 
fromahappythoughtofsomeoneoranotherin connection with Mr. Laird's 
firm, it was suggested that a patch should be put upon each crack, having 
slightly oval holes, so that when the upper part expanded the lower part 
would yield to this excessive and irresistible stress. That was done, and 
the vessel has been sailing without trouble ever since, I think for a 
period of about ten years. Now, to my mind, that proves that any amount 
of metal that might have been added would not have overcome this irre- 
sistible strain, caused by unequal temperatures, and I think the argu- 
ment Mr, Macfarlane Gray puts forward altogether falls to the ground. 
However, the discussion, I fear, has somewhat drifted into a discussion 
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on boiler-making generally, and I would like to lay before this meeting' 
simply and plainly the difference that exists between the rules of the 
Board of Trade and those of Lloyd's Register for fixing the safe working 
pressure on the shells of cylindrical boilers. I have on one occasion 
before at these meetings had to refer to this matter, and if I use the same 
argument again, I hope you will excuse me. It is, I think, admitted that 
if a decrease of consumption, or more economical steamships are to be 
obtained, pressures must rise. When mild steel was first introduced 
for marine boilers — now some five or six years ago — I had the honor to 
read a paper here on that subject. At that time we had had only one 
or two boilers made of steel, and the average pressures were then under 
75 pounds. Owing to the introduction of steel and other improvements 
they have since. risen, as Mr. MacCoU has told us to-day, to 90 pounds, 
and I take it that steamship owners would not go on adding weight and 
increasing pressures unless they obtained an equivalent reduction in 
fuel. At the present time, owing to the operation of the rules of the 
Board of Trade with regard to the shells of these boilers, it is not pos- 
sible for higher pressures than 90 pounds to be carried in passenger steam- 
ers, unless enormously thick shell plates be used, or the boilers made so 
small and so numerous that the freight lost by the extra space taken up 
by the boilers is greater than the money saved by the increase of pres- 
sure. Last year we had a paper read upon a steamer with boilers con- 
structed to work at 125 pounds pressure; that vessel has successfully 
traveled 43,000 miles without any hitch whatever, and with a consider- 
able saving of fuel. According to the rules of the Board of Trade, the 
boilers of this vessel would not be eligible for more than 93 pounds 
pressure, but they have been proved by actual work to be quite efficient 
and perfectly safe at a pressure of 125 pounds. If the Board of Trade 
Bules were altered to admit of this pressure being carried in boilers of large 
dimensions, then steamship owners, whose trade compels them to obtain 
passenger certificates from the Board of Trade, would, like the owner of 
that vessel, be able to save considerably in the consumption of fuel. The 
point at issue is of the simplest character. We are now using steel. 
We test every plate, and we have drawn so many seams asunder, as Mr. 
Oowper has told us, that we now know pretty well the percentage of 
strength of any form of joint as compared with the strength of the solid 
plate. I take it, then, that there is not a very large factor of safety re- 
quired for either possible inequalities in the strength of the material or 
uncertainty as to the strength of the joint. Again, we know that the 
strength of a cylinder varies inversely as its diameter in inches; it is 
not as if it were a rectangular boiler, or an old wagon-shaped boiler, such 
as we had years ago, and for which we required a high factor of safety; 
but here we have a structure with regard to which we know how its 
strength varies, and I submit that to cover any other contingencies, we 
do not require such large factors of safety for thick plates as the Board 
of Trade insist upon. The only other thing for which a factor of safety 
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is necessary is corrosion. Now, it is quite clear that the amount of cor- 
rosion is the same in a thick plate as in a thm one. We will just take the 
case of two boilers, one with shell plates f of an inch, and the other with 
shell plates of 1 inch thick, and assume that the corrosion is an eighth of 
an inch in each case, then it follows the f -inch boiler will be reduced one- 
third, while the inch boiler will be reduced only one eighth. Now, the 
difference between the Board of Trade Eules and those of Lloyd's Eegis- 
teris this: we give to the thick boiler at the beginning of its life a 
larger pressure, or, in other words, approve of a less factor of safety than 
to the thin boiler, so that at the end of the lifetime of both boilers the 
thick boiler may have the same factor of safety as the thin one. I think 
that is all I have to say, except that I hope the reading of this paper and 
the discussion which has followed upon it may do something towards 
bringing about further improvements in marine engineering consistently 
with perfect safety. 

Sir Frederick Bramwell. My lord, I should like to say a few words 
upon this paper. The question of an oMcial inspection of boilers is, of 
course, a very wide one. It involves considerations of pripciple and 
considerations of detail. I presume at the present time the public would 
not be content that there should be no official inspection of marine boil- 
ers, although, fortunately, there is not one of laud boilers. I say fortu- 
nately, and do so for the reasons I gave about twelve years ago, when, as I 
think, a very unwise attempt was being made to put every boiler of every 
kind under an inspection which, although it was called an inspection by 
a steam-users' association, would in truth have ended in an official in- 
spection. I think it was about twelve years ago that this was attempted, 
and the mechanical engineers of London, some twenty of them, got to- 
gether, and gave such evidence before the committee as to put a stop 
to that which, in my opinion, would have been most mischievous. I 
know it is very easy, when a man cannot disprove a statement in any 
way, for him to say, "It is based on figures 5" then there is a laugh, and 
the thing passes over ; but I brought before the committee then a state- 
ment which I think had some weight with them, and that was this : 
I showed them there that the Eules would apply to boilers working that 
most wasteful kind of engine used on land the low-pressure non-con- 
densing engine, and that the result would inevitably be that the in- 
spector in the district, as he would be desirous, of course, of having no 
explosions in that district, with the object of preventing that, would 
insist that many of the boilders should be discarded or their working 
pressure lowered. Owners, if of not much capital, would not like to 
discard their boilers, and therefore would lower the pressure. A com- 
putation was made, to show that probably the result would be to in- 
crease the consumption of coal throughout England by four million tons 
a year. And then this was put to the committee: the statistics of coal 
mining prove that, taking one year with another over a lengthened pe- 
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riod, there is in round numbers one fatal accident for every 100,000 tons 
of coal raised. The result, therefore, of an increased consumption of 
four million tons per annum would have been not only a waste of four 
million tons of our store of coal, but would have been the loss of forty 
lives of persons engaged in coal mining. The statistics brought for- 
ward by those who were advocating the inspection showed that the 
total loss of lives from all explosions of boilers was, I think, eighty. 
When we came to analyze that, it turned out that there were a certain 
number of these due to the bursting of kitchen-range boilers and of 
boilers of that kind, which, of course, could not be touched by any in- 
spection. There were a great number also due to avowed negligence 
by attendants on boilers, which could not be touched by inspection of 
the boiler itself j and when such explosions as these were eliminated 
from the total number — I am speaking now from memory, but my im- 
pression is — it brought down the number of deaths due to explosions 
from preventable causes, and that might possibly have been avoided by 
care in the making of boilers, to something like fifty-five. It further 
appeared that the result of inspection was byno means the obtaining 
absolute immunity from accident, and that thus only forty-six lives in- 
stead of the fifty-five would be saved under universal compulsory in- 
spection, while the increased consumption of coal would have cost a 
loss of' the lives of forty miners. Under these circumstances, I ven- 
tured to tell the committee that anything might be bought too dear, 
that you might buy gold too dear, and I said you might buy human 
life too dear when you bought it with other human life. I am glad to 
say the committee rejected the attempts of those who were seeking to 
force this upon us and left the matter where it was before, viz, that a 
man should suffer for his own misconduct, if he was guilty of miscon- 
duct, in the construction of boilers. That which I have been saying is 
somewhat, I must confess, beside the particular question before the in- 
stitution, although it touches upon the general question. But it does 
touch even upon the particular question in this way : the inevitable 
tendency of any department which has responsibility cast upon it is to 
take care that whatever happens there shall be no discredit cast upon 
that department, and this drives them to overcaution, involving need- 
less expenditure, and rendering progress and improvement difficult. I 
remember at that time it was asked of me, in cross-examination by cer- 
tain members of the committee, "What do you say to the exercise of 
Board of Trade influence upon marine engineering!" I said that if it 
had not been for the exercise of Board of Trade influence upon marine 
engineering, I believed marine engineering would have improved very 
much more than it had up to that time. At the date of this committee, 
marine engines were working at a pressure of about 30 pounds to the 
inch. Turning to the Board of Trade Eules themselves, it has been 
said, and with great force, as it seems to me, that these err on the side 
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of excessive precaution. They begin with a factor of safety of 6 ; I 
always thought that the factor of safety was for the purpose of making 
allowance for those unforeseen matters which might render your boiler 
less safe than you thought it was. But when one reads through these 
regulations, one finds that every attempt is made to get rid of all these 
chances of uncertainty. For instance, in the factor of safety of 6, 
nothing is allowed for inferior plate, for although a by no means high 
quality is assumed in the formula, yet if the inspector is not satisfied, 
if he at all doubts the material, there is an addition to the divisor • 
" X. '4 to be added when the iron is in any way doubtful and the sur- 
veyor is not satisfied that it is of the best quality." That is an addi- 
tion to the factor, taking, therefore, about one-twelfth off the pressure. 
Then, if the boiler has not been open to inspection during the whole 
period of its construction, 1*65 is added, Now, under this head, you 
absolutely eliminate all doubt as to the character and quality of the 
manufacture, because it has been open to inspection the whole while ; 
you have previously eliminated all doubt as to quality of the iron, and 
having done that, you still have a factor of safety of 6, whereas if you 
do not eliminate those two things, you are to have a factor of 7*05. 
Well, is that really reasonable! Where everything is known, is not all 
that is really wanted a fair allowance for possible wear before a resur- 
vey, when the pressure to be carried may be readjusted, and the cer- 
tainty that the boiler will not be strained beyond its elastic limits. 
Now, although the whole of these rules are directed to getting rid of 
anything in the nature of uncertainty, there is still imposed as a mini- 
mum a factor of safety of 6. I cannot help thinking that that is not a 
reasonable condition, and I do believe that it presses very heavily upon 
improvements in marine engineering, and upon our power of competing 
with other nations who are not weighed down to the extent that we are. 
Every one must agree that the officers of the Board of Trade desire 
most rightly and honestly to do the duty cast upon them, and I hope 
to be understood as only calling attention to the fact that when a man 
is in a position of responsibility in respect of boilers, the first thing 
that man takes care of (and it is only human nature), *' Whatever else 
happen, I must be able to report that no explosions have taken place 
in any boiler I have surveyed or passed."* 

*[Thp following letter has since been received from Sir Frederick Bramwell. — Ed. 1 

37 Great George Street, Westminster, S. W., 

March 22, 1883. 
Dear Sir: I had no sooner left the meeting, than I found, to my regret, I had 
omitted a very striking illustration of the overstringency of the Board of Trade 
Bales, viz, that if they were applied to the boilers of locomotives, they would reduce 
the ordinary working pressure of 140 pounds to so low a point that the whole railway 
service, both passenger and goods, would be paralyzed. It is some time since I made 
the calculation, but my recollection is, that the application of the Board of Trade 
Rules to a new boiler, designed by one of our best locomotive engineers, would have 
resulted in a working pressure of only 80 pounds instead 140 pounds. In the interests 
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Mr. Maofablane Obay. My lord, may I say one word of explana^ 
tion! Dr. Siemens, and Mr. Parker also, attempted to wipe out my re- 
marks aboat the ripping of a transverse seam. They seem to have 
misunderstood me, and to think that I recommended (although it was 
not I at all) thicker plates to prevent the seam ripping. But what I 
said was this : Granting that that would not prevent the seam ripping, 
when the seam has ripped what is keeping the boiler together? It is 
the remaining seam that is keeping the boiler together, and if addi- 
tional strength is not in it — not in the piece that is ripped, of course 
that is of no value ; but when that plate is ripped it is the remaining 
part, and if that is not of unusual strength it cannot stand the increased 
pull that comes upon it. 

Mr. J. Wright. My lord, I would like to trouble you with a very few 
remarks with reference to one part of the subject under discussion, viz, 
the strength of circular boiler shells and the factor of safety. I think 
that hithe;1;o we have been over-cautious in this matter, and have looked 
too much at the wrong end of the subject. Mr. Parker has indicated 
in his remarks the view which is taken on the subject in carrying out 
the practice at Lloyd's, and this certainly appears the reasonable view 
to take. What we should determine is what would be a reasonable 
factor of safety, or margin of safety, when a boiler would be considered 
worn out, and then add to this a proper amount for wear and tear, hav- 
ing regard to the conditions of service and the time the boiler would be 
expected to last. A fixed factor of safety for a new boiler shell may be 
unobjectionable for a definite pressure or for pressures not differing 
much, but it is certainly unnecessary to apply the factor of safety which 
was used for the steam pressure of a few years ago, say 75 pounds, to 
the pressures now in use and coming into use, say 100 to 150 pounds, 
while the conditions of wear and tear, &c., would be very little altered. 
The margin of safety is really what should be taken for guidance, but 
this, with the usual factor of safety, becomes very much more than ap- 
pears to be necessary under any conditions at the higher pressures. I 
may mention that the practice carried out at the Admiralty for some 
time has been, in the main, on the same lines as Lloyd's Eules. 

Sir Edward Eeed. May I make an observation or two ? I rose at 
the same moment with Mr. Wright to make the remark that he has 
made, and therefore I will not repeat that 5 but I have watched this 
paper and the discussion rather from a parliamentary point of view, be- 
cause it seemed to me that if there is solid justification for the very 

of speed, and of the power of making full use of our railways and of their plant, and 
in the interests of economy of fuel, let us hope that the locomotive engineer may for- 
ever be free from Board of Trade trammels. 

Believe me to be yours, very truly, 

FKEDERICK BRAMWELL. 
' George Holmes, Esq., 

Secretary Institution of Naval Architects^ 5 Adelphi TerracCf W. C, 
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broad statements made in this paper as to the effects of Board of Trade 
inspection, Parliament is the only place where effect could be given to 
the opinions which have been brought forward, and I had some idea of 
putting a question or two in the House of Commons to the president of 
the Board of Trade upon this subject. The effect the whole discussion 
has had upon my mind is this : That the Board of Trade Rules, however 
meritorious they may have been in the past, are operating perniciously 
now in. two respects, both of which have been spoken to. One has been 
spoken to by Dr. Siemens and the other by Sir Frederick Bramwell. 
The first is this : They seem to me to operate against that most impor- 
tant feature in the progress of boiler construction, as in all other con- 
structions in metals, that of thinning the material in proportion as you 
improve its quality. Mr. MacColl interpreted Dr. Siemens as saying 
that he would thin the plates almost indefinitely, but I do not under- 
stand that to be Dr. Siemens's idea. If I understand him aright, he 
treats a boiler as a water-holder for the mere purpose of keeping the 
water together while it receives the application of heat from the out- 
side, and it requires to be thick enough to give the strength necessary 
for that purpose, and no thicker, except for the sake of the factor o 
safety. 1 do believe myself, from my limited experience in boilers, that 
Dr. Siemens is not only right, but emphatically right, and that a very 
large part of the mischief that there has been in boilers in the past has 
arisen from the fact that through the very inferiority of material we 
have been driven to thick plates, which are attended by the disadvan- 
tage that Mr. Cowper has pointed out, and many other disadvantages 
which we are all familiar with. The use of thick plates in boilers has, 
therefore, been at once a consequence and a cause of mischief. There- 
fore, it does appear to me that the present system operates either against 
the introduction of new and improved material, or else against getting the 
benefit of the improved material when you have introduced it. If that 
be so, it seems to me it is a very serious question. Then, with regard to 
the other question, the factor of safety. These rules do seem to me to 
operate injuriously. I would illustrate that by reference to another 
fact, which will be familiar to the minds of all those here, that while we 
are imposing through the action of the state a factor of 5 (increased, as 
we have seen, in various ways) upon the boiler, we are content with a 
factor, if I remember rightly, of less than 2 in the case of the capability 
of the ship herself to withstand the strain thrown upon her in a sea-way. 
You will remember, no doubt, that Mr. John read a paper at this insti- 
tution in which he showed the result of calculations made upon the 
strengths of ships to withstand strains at sea, and he there brought out 
what was to my mind a very startling fact, although I was not wholly 
unprepared for it, viz, that the factor of safety of a ship as regarded 
the strain in the sea-way, and therefore as regarded the capability of 
the bow of the ship to carry the boiler at sea, was really extremely low. 
I am not quite sure whether it was not less than 2. If that be so, to 
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go on imposing a factor of 5 upon a new boiler made of such admirable 
steel as is now produced does really seem to be improper. I am sorry 
to trouble you with this, but I should like to act wisely in the matter, 
and if it happen that we are right in supposing that the Board of Trade 
Eules in maintaining an unnecessarily high factor operate against the 
introduction of improved material, which is so advantageous in many 
ways, some steps ought to be taken to get them amended. 

Mr. Milton. My lord and gentlemen, I will not take up more time 
than is necessary in addressing the meeting, but I think I must make a 
few remarks upon those made by Mr. Macfarlane Gray. I clearly state 
in this paper that it is the strength of the boiler to resist internal press- 
ure for which we take the proportions of the longitudinal seams, and 
that it is with regard to the internal pressure that we may ignore the 
circumferential seams. Now, Mr. Macfarlane Gray stated very clearly 
that the result of all experience of engineers is that the circumferential 
seams are the seams which give trouble in boilers. This is perfectly 
true. As a particular case he mentioned that of the Thames, where 
the circumferential seams failed 5 but these seams did not fail through 
the pressure of the steam ; they failed through the differences of tem- 
perature and the consequent differences of expansions on the different 
parts of the boiler. It is this which makes the circumferential seams 
leak and give trouble, and in some cases breaks them ; but to provide 
against this you must look to the design of the boiler itself. By put- 
ting on factors of safety you make plates thicker, but you do not alter 
the temperature in the least. You increase the strains in precisely the 
same proportion as you increase the thickness of the plate to withstand 
those strains, so that the material is just as much strained with thick as 
with thin plates. 

Mr. Macfarlane Gray. Will you please answer my point of ex- 
planation given just now! 

Mr. Milton. The design of these circumferential seams does not in- 
fluence the safety of the boiler at all 5 the pressure on the ends after 
the plate is torn is still taken by the stays, which are there to take the 
pressure before the plate is torn. And if, after the seam is torn, you 
can only keep it tight it will never open any further. That has been 
shown by the boilers that Mr. Parker has referred to. I think the case 
he must have had in his mind was that of the steamer Egypt, which, I 
think, had several of her boilers torn in the bottom. They were patched 
at last with a flexible joint ; that is to say, with a joint which gave no 
longitudinal strength whatever, relying entirely upon the strength of 
the stays to take up the longitudinal pressure, and those boilers have 
done good yrorls ever since. 

Mr. Macfarlane Gray. They were not cracked. I had the sup- 
posed cracks chipped across, and the chipping came off solid with the 
"crack'' mark on it; it was a mistake supposing they were cracked^, 
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Their own inspector could not get in. I got in under the fumapces and 
had this done. 

Mr. Mllton. At any rate, in the case of the Thames the plates were 
cracked. I will mention the case of a steamer belonging to the General 
Steam Navigation Company. About seven years ago, I saw her boiler, 
of which the seam was torn for about ten feet — nearly a third round 
the boiler. That boiler afterwards steamed round to the north with an 
opening in the plate an eighth of an inch wide made tight by a cover- 
ing patch, but there was no longitudinal strength added. Seeing that 
the safety of the boiler is not influenced in any way by the circumfer- 
ential seams, and that the design of these seams affects only the life- 
time of the boiler, or the trouble that will be occasioned in keeping the 
boiler tight, it should be left entirely to the owners to say whether they 
will have badly proportioned or well proportioned seams; they will 
soon find out what are the best. As a matter of fact,'aU circumfer- 
ential seams in double-ended boilers are made with double-riveted lap 
joints, not with double-riveted and double butt-strap joints, to which the 
Board of Trade allow the smallest factor of safety. After all, the effi- 
ciency of these circumferential seams must depend upon the proportion 
of the diameter and the pitch of the rivets to the thickness of the plate, 
and that Mr. Macfarlane Gray says 'must be left to the ordinary prac- 
tice, which Mr. Cowper has shown varies very much in itself. With 
regard to the statement of Mr. Macfa^rlane Gray, that the constants 
given in the Board of Trade Rules are not accumulative, I have here a 
paper containing particulars of boilers being made by one of the most 
eminent engineers in the country, under Lloyd's Eules, for a pressure 
of 140 pounds. This case will also, in some measure, answer the point 
raised by Mr. MacColl as to the amount of difference between Lloyd's 
and the Board of Trade Eules in steel boilers with thick plates. The 
boilers are passed by Lloyd's Register for 140 pounds. I have seen the 
tracings of the boilers myself. I am sure they are entirely in accordance 
with Lloyd's Rules for that pressure. They were submitted to the 
Board of Trade, who say that 107J pounds is the working pressure 
according to their rules. This is obtained by adding in the following 
amounts to the factor 5, for the perfect boiler. First, they add .3 under 
clause B, that is, for drilling the holes in the longitudinal seams before 
the plate is bent ; then .15 under clause G, for drilling holes in the cir- 
cumferential seams before the plate is bent. Next we have .1, in 
accordance with clause 8, for the double-riveted lap joint in the circum- 
ferential seams; and, finally, .3 for the double-ended boiler, as required 
by the provision Y. I may say that these boilers are made with IJ 
plates to meet our rules for steel boilers, and I think that is nearly as 
thick a plate as can well be made of steel. I would not like myself to 
use thicker plates. K these boilers had to pass the Board of Trade 
Rules for 140 pounds, the plates would have to be 1 inch and 7^ six- 
teenths. Mr. MacGoU has said that corrosion ha^s now been mastered. 
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Well, it may have been mastered by ^ few people, but it is not gener- 
ally mastered. Corrosion, unfortunately, still takes places in very 
many boilers, and this must be expected when we consider that boilers 
are sent to sea and are put in charge of men who perhaps have never 
seen the ship until a few days before she starts — that is an ordinary 
circumstance of the life of a boiler — and that the engineers are changed 
continuously. Even if corrosion is mastered by a few engineers, we 
cannot expect that the majority of sea-going engineers have mastered 
such a difficult subject — Sb subject studied for many years by the boiler 
committee, and even now not completely mastered by them. Mr. Mac- 
Coll mentioned also that the Board of Trade give greater pressure for 
flat plates of steel than for those of iron. When the first steel boilers 
were made, and they were approved of by Lloyd's Eegister, it was thought 
then that steel being a stronger material than iron as regards tension, 
a smaller thickness of plate could be with safety applied. Several 
experiments, however, were made (some of them by Mr. Marshall, of 
Newcastle), which showed that steel was very little, if at all, superior 
to iron for these purposes in point of strength, especially when you 
came down to the very mild steel, which is the best for the flat plates 
of boilers. Lloyd's, in consequence, now give no reduction whatever 
for flat steel plates for boilers as compared with iron. This, however, 
has never worked disadvantageously to the boilers, for the flat plates 
are not the obstacles to increased pressures. I have nothing more to 
say, except to thank the meeting for the way in which they have 
received the paper. 

The President. Gentlemen, before I convey, as I am sure I shall be 
allowed to do, your thanks to Mr. Milton, perhaps you will permit me 
to say a very few words. You can readily believe, gentlemen, that this 
is not the first time that this question of vital importance to the mer- 
cantile marine, as 1 believe it to be, has come before my notice. We 
heard a great deal about it before the commission on unsea worthy ships, 
and the great complaint then was that ship-owners and ship-builders 
were expected to comply with rules about which they knew nothing, 
and which they never saw until the ship was either accepted or con- 
demned. That has been corrected; it was a very just complaint. It 
was the non-circulation of the Board of Trade Eules that was the great 
cause of complaint. That has been corrected. That shows at least 
that the Board of Trade is open to conviction. Now let me say one 
word on behalf of the Board of Trade, because I like to take both sides 
of the question. We must remember the tremendous responsibility 
that rests upon the Board of Trade with regard to the thousands of 
lives of emigrants and other passengers which are committed to their 
charge annually. The country looks to them to protect those lives, 
and, therefore, if they err on the side of caution, I am sure you will 
admit they are rather erring upon the right side than upon the wrong 
Bide. I say that for the Board of Trade, and on their behalf. Now we 
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come to another complaint, which is clearly a general complaint, on 
behalf of the mercantile marine, that the rnles of the Board of Trade 
with regard to boiler plates err in excess of thickness. That point has 
been put home by Dr. Siemens, by Mr. Oowper, the ex-president of the 
mechanical engineers, by Sir Frederick Bramwell, whose reputation is 
world-wide, and lastly, but certainly not least, by Mr. Parker, who was 
himself an of&cer of the Board of Trade, and who is now the chief 
engineer of Lloyd's. No public department can by possibility afford to 
neglect such voices as those. I have shown you that they are open to 
conviction, and when you find between the two controllers of the 
British Mercantile Kavy, viz, the Board of Trade on the one side and 
Lloyd's on the other — ^because the term is not too strong — this immense 
divergence in their rules in regard to the construction of boilers, I say 
it is time at least that some attempt at reconciliation between these 
rules should be made. And I am sure I know enough of the Board of 
Trade, and I know them pretty nearly as well as anyone here except 
the people inside it, to be certain that they cannot afford to neglect the 
subject-matter of this discussion, and therefore following up my friend, 
Sir Edward Eeed, in Parliament, I would make a very humble sugges- 
tion ; take it for what it is worth, but I am an old Parliamentary prac- 
titioner. I would suggest that we invite the Board of Trade to a con- 
ference upon this subject. I think that if a powerful deputation — ^not 
too large — of our most eminent engineering members requested an in- 
terview with the Board of Trade, it would have a very good'practical 
effect. If you think well of that, I, as your president, not as myself, 
would be most happy to undertake to make the ordinary arrangements. 
It must be something more than an ordinary deputation; it must be a 
conference, because this question affects the whole of the mercantile 
marine of this country, and therefore it is impossible to overestimate 
its importance. I hope you will forgive these few observations; but as 
they are based, to a certain extent, upon Parliamentary procedure and 
experience, I venture to make them to you. If you agree to them, I 
will undertake to arrange such a conference, and I am sure the Board 
of Trade cannot resist the application. They cannot; they would not 
wish to do so. Now, gentlemen, I am sure you will allow me to convey 
our united thanks to Mr. Milton for bringing before us this, which, I 
venture to say, whatever important points we may have brought before 
us, is as important as any question that can be raised within these 
walls. 
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I should not have intruded upon your valuable time had I not felt 
that in this institution — which comprises among its members and asso- 
ciates not only the most eminent experts in the great engineering science 
of ship-building, but also the merest amateurs in the art — the opinion 
of naval men may be useful, and even valuable, since their duty is to 
command, and if necessary to fight, those vessels which the naval archi- 
tect designs and constructs. Being in the position of an amateur, who 
has carefully watched and endeavored to think out many of the ques- 
tions relative to the construction of ships of war from a practical point 
of view, I have undertaken to read this paper, and submit it for discus- 
sion at this meeting. 

The number of interesting and important considerations embodied in 
the science of ship-building is so great and varied that it would be far 
beyond my power, even if time allowed, to touch on more than a very 
few of them. I therefore propose to confine myself to certain points, 
the great importance of which may possibly in some cases be under- 
estimated. They are : 

I. On the strength and height of the bow necessary for ramming. 
II. On water-tight compartments. 

III. On armored conning towers. 

IV. On torpedo defense. 

I. — On the strength and height of the bow necessary for ramming. 

In taking his ship into action it is most desirable that a captain in 
Her Majesty's service be fully confident the ram with which she is pro- 
vided is of such construction that he need not fear the consequences of 
charging the enemy, should he have a fair opportunity of doing so. 
Without that confidence he would fight but a half-hearted battle; and 
considering the enormous weight of responsibility that rests on him, it 
is most essential that he should be able to fully rely upon the power and 
efficiency of his vessel, and of the weapons on which the issue of the 
fight must so greatly depend. 

93 
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The late Mr. Scott Eussell — a much-lamented firiend and supporter of 
this institution, whose memory is pleasantly associated with it by the 
thankworthy consideration of the council in giving us an admirable 
portrait of him in the last number of our transactions — ^in a paper read 
at the Royal United Service Institution, June 8, 1877, speaking on this 
subject, says: "What we want in collision construction is that the 
strong thick parts of the ship should grow evenly out of the weaker 
thinner parts abaft, so that the strain of collision shall be spread over 
a wide space, thus utilizing the strength of a large extent of good iron* 
For this purpose the stem must be formed by gradually growing out of 
the ship's bow, in plates overlapping thicker and thicker, until they be- 
come a thick, smooth, inflexible stem. The same principle must pre- 
vail throughout the whole bow of the ship. The decks must all be in- 
corporated in the interior of the hull with the skin and the stem, so as 
to form an entire hollow weapon of great strength and homogeneous 
structure.'' These words should still have their full significance in 
guiding present and future* construction ; not that there is any want of 
care on this point, but because in the ever-increasing number of subjects 
to be considered, all involving new difficulties and complications, the 
obstacles in the way of providing the necessary strength for the ram 
increase, and the extreme importance of doing so is apt to be under- 
valued. 

The nature of the strains brought on a bow when ramming is patent 
to all here. The dangers which would arise from imperfect construction 
or design may be classed as follows: 

1. Of the ram bow being actually forced in. 

2. Of the bow being twisted and the stem broken. 

3. Of the vessel being herself sunk, which might result from two 
causes, either the want of height in her bow and freeboard, causing 
her to lurch over and so capsize, or to go down head-first, or else, owing 
to weakness in the bow upper works, which, breaking away, might lock 
with those of the enemy's ship, and so cause both vessels to sink to- 
gether. 

With reference to the first danger, there is no difficulty to be appre- 
hended in obtaining the desired strength in the bows of comparatively 
small vessels, so long as wrought-iron or steel stems can be used; but 
with increase of size and weight we get an increase in the momentum, 
and in some cases a reduction in the cushioning effect, which so much 
lessens the enormous strains consequent on ramming. For these reasons 
great additional strength is required in heavy vessels. It is question- 
able whether this is fully appreciated in the construction of citadel ships, 
where the stem — ^though to a small extent backed up by an armored 
deck — is unsupported by side armor, and the principal weights are con- 
centrated in the center of the vessel some distance from the bow, upon 
which the whole effort of bringing this mass to rest devolves when the 
ramming is direct. In some of the armored and other cruisers the sys- 
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tern of copperiDg the bottom over wood sheathing has been adopted, 
necessitating the introduction of gan-metal stems. The prudence of 
this measure may also be questioned, as it is doubtful whether the 
necessary strength to withstand the shock of ramming can possibly be 
obtained with brass, even by using an additional weight of metal with 
the intention of supplying this deficiency. It would certainly be ad- 
vantageous if some means could be discovered whereby a less brittle 
substance than gun-metal could be employed for the stems of these 
vessels. 

Secondly, as regards the twisting of the bow and breaking of the 
stem. Examples of this danger are continually brought to our notice 
by collisions at sea, notably on the occasion of that disastrous accident 
which happened to two German iron-dads in the Channel a few year& 
ago. The constructors of English ships of war have wisely curtailed 
the length of the ram-bows of our ships, a measure calculated to give 
them greater power to resist oblique or twisting strains ; but is it not 
desirable in our heavier iron-clads that a more secure root be constructed 
to the ram? This might be accomplished by building its point on to a 
cigar-end-shaped structure worked smoothly into the bow, and giving 
the sharpness requisite for the speed of the ship by its horizontal as 
well as its vertical entrance ; in fact, like the lower part of the stem oi 
the Polyphemus, without its torpedo discharge-pipe. 

Thirdly, as to the height of the bow required for efficiency as a ram, 
and the strength of the bow upper works. The first part of this ques- 
tion applies to coast service iron-clads with low freeboard, denominated 
" rams,'' and which are often spoken of as being more serviceable in 
that capacity than larger and more unwieldy ships. Some of these 
'^ rams" are constructed with fairly high bows, and when fighting in 
smooth water would be most formidable ; but no vessel of this type can 
give her captain the confidence he would possess were he commanding 
a ship with a high, well-constructed bow, which would insure the enemy 
he had rammed being thrown off clear, and at the same time would 
cause him no misgivings as to the result of entanglement with his foe,^ 
or of a heavy and severe lurch after drawing clear of her. The strength 
of the upper works of the bows of high freeboard ships is undoubtedly 
sufficient in all cases except those of vessels constructed of light steel, 
where the danger may imperceptibly creep in of making the upper works 
forward too light to be able to resist the pressure brought on them by 
ramming — a weakness which, if not provided against, may lead to dis- 
aster. 

Bamming is a science which cannot be practiced; we are therefore 
dependent on accidental collisions — unhappily only too numerous — and 
a few cases of ramming in action, for information as to its effect. With 
a fleet such as that possessed by England, the tactics of ramming must 
ever be considered of very great importance. In using these tactics 
every endeavor should be made to inflict the most fatal blow on your 
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enemy with tbe least damage to yourself— that is, to ram scientifLcally. 
But since it is impossible to practically study the art, there is no doubt 
that in a ramming combat the shocks and strains experienced will be 
much more severe than would be the case were such practice possible. 
It is only natural, therefore, that the strength and efficiency of the bow 
for ramming should be deemed by naval officers a matter for most 
urgent consideration. This is one of the points I wish particularly to 
impress on the meeting. 

II. — On watertight compartments. 

Water-tight compartments in a ship of war are required to prevent 
her from sinking after being severely wounded in battle, as well as, in 
common with other ships, when harmed by collision or grounding. The 
principal object is, therefore, to design effective water-tight compart- 
ments, the bulkheads or vertical sides of which can be closed in action 
without impairing the necessary communications, and without detract- 
ing from the draft and ventilation requisite for steaming at full power. 

Were it possible to abolish all such dangerous appliances as water- 
tight doors the safety of ships would be vastly increased. This is of 
course impossible in central citadel ships constructed with armored 
decks before and abaft the citadel a few feet below water, and may be 
considered to detract in some degree from the value of this type of ship. 
In belted iron-clads there is no reason why the only communication with 
the principal compartments should not be from above, for where there 
is a convenient deck fore and aft above the water-line, the communica- 
tions with and stowage of these compartments must be a simple matter 
enough. All pumping and ventilating pipes, drains, and other breaks 
through a bulkhead are sources of weakness, and however well fitted 
with valves and cocks (whether automatic or worked by hand), are lia- 
ble to be found faulty when the crucial t^est is applied. Compartments 
with intact bulkheads, communicated with, ventilated and pumped out 
only from above, and having their deck or decks fitted with water-tight 
hatches, would insure the greatest possible degree of safety to the ships. 

In armored vessels of the central citadel type, where it is imperative 
that the armored deck be intact, the only plan which seems to carry 
with it any degree of security is that of constructing before and abaft 
the citadel, " passages" or " shafts" in the center line of the ship imme- 
diately under the armored deck, having one end opening upwards into 
the inside of the citadel above the water-line, these passages extending 
as far as the last compartment at, each extremity of the vessel, and 
being the ouly means of communication with the lower compartments 
aft and forward. The entrance to each separate compartment would 
have its water-tight door, and the pumping-out and ventilating pipes 
of each compartment would also be led directly into the passage. A 
shaft so placed would be in as secure a position as possible from the 
disruptive effects of a successful ram or torpedo attack. There might 
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be difficulty in the stowing of the compartments, but this plan would 
at least admit of all the bulkheads being intact, except where there are 
openings and pipes into the shaft, the doors and valves of which could 
be worked with a fair amount of security from the passage itself. Any 
compartment which could open directly into the citadel would have the 
same element of safety as those in belted ships, as before described. 

One of the matters to be attended to in action is the safety of those 
men whose duties employ them in the lower compartments of the ship 
where torpedoes are worked, cartridges and projectiles are issued, and 
other business is necessary. An escape must be provided for them in 
case of their being flooded out, and such escape ought to be so arranged 
as to cause no great additional danger to the ship should a door or hatch 
be left open or unfastened in the hurry of their retreat. This escape 
would be perfectly provided for in belted ships where the compartments 
open only upwards, and would be fairly provided for in citadel ships 
fitted with central fore and aft shafts, as suggested. 

Another source of danger which may appear in action, and which re- 
quires attention, is that of a panic in the stoke-hold. This may be said 
to apply principally, if not solely, to ships fitted for forced draught, 
where the stoke-hold is closed in air-tight, and the pressure in it raised 
above atmospheric pressure by means of fans. It should be considered 
essential in all ships that a means of escape be provided for the stokers 
up the funnel casing, or some coiivenient passage ; if this is not done, 
the knowledge that they are hopelessly shut in may lead to a panic, 
and cause great confusion, if not actual disaster. One of the chief 
anxieties to a commanding officer in battle will be to keep the neces- 
sary command of speed on his ship, as the failure of the engines at a 
critical moment might be fatal. This failure could result from several 
causes, not the least serious of which would be a panic in the stoke-hold. 

The labor and ingenuity which have been devoted to the construc- 
tion of water-tight compartments in ships of war, sjpd the admirable 
results obtained, are most fully recognized in the service. Our recent 
iron-clads — built with double bottoms, wing passages, and numerous in- 
ternal compartments, all with well-strengthened bulkheads — are as 
safe as floating vessels can be 5 we may reckon on their withstanding 
the explosion of two, or perhaps, three Whitehead torpedoes under 
them, or even the shock of a ram, without being sunk. But there is 
this condition : all door and valve connections between the compartments 
must be securely closed. Even with this high degree of efficiency there 
still exist certain pointS)* which, viewed from the position of a command- 
ing officer about to take his ship into action or danger, may be consid- 
ered wanting in perfection, and should, if possible, be rectified. Some 
of these points are the outcome of new designs; others are adndtted 
weaknesses, which cannot be conveniently avoided; and a few result 
from overconfidence in mechanical contrivances, the practical working 
of which naval men are inclined to view with suspicion. In the navy 
2872— No. 16 7 
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we are trained from boyhood to act upon two great maxims, namely, " To 
take every precaution against accident," and " To arrange everything 
that may have to be done on an emergency so simply that there can be 
no likelihood of mistake or confusion." Now that vessels of war are 
yearly becoming more complicated in their build, we are naturally 
anxious to impress naval architects with the importance of carrying 
out like principles in the construction of our ships, with the view of 
rendering them as easily secured from harm as possible, when dangers 
really occur. 

III. — On armored oonning-towers. 

The conning-tower, or captain's turret, is the place from which the 
ship herself is managed, and from which the various weapons are di- 
rected. A ship without an efficient conning-tower may be compared to 
a man without an efficient head -piece; and yet, until quite recently, 
few matters affecting the fighting efficiency of the ship have had less 
attention paid to them. 

Exposure to view, and, in some instances, the position of the weight 
to be carried, curtail the height of the conning-tower ; but, apart from 
this, nothing should be allowed to prevent its being placed in the posi- 
tion best adapted for an all-round view, especially clear ahead, and at 
the same time favorable for conning and steering the ship, for directing 
the guns and torpedoes, and for communicating with the engine room, 
batteries^ &c. 

The following is a brief description of what may be considered an 
effective arrangement for conning in an armored vessel (see drawing). 
A bridge or platfrom across the ship, strongly constructed, and having 
a bullet-proof parapet or netting around it, about four feet high, which 
will also protect the occupants from the concussion of their own guns. 
In the center of the ship, and standing to a height of 5 J feet through the 
middle of this bridge, an armored oblong tower, reaching down into 
the ship below the level of her side armor, and having above the 
bridge four armored wings, which would provide shelter for the officers 
outside of the tower. It is seldom, if ever, possible to effectively con a 
ship when maneuvering with others from an inclosed tower, and it will 
be found even more impracticable to do so in a fleet action ; the com- 
manding officer will often find it necessary to station himself, and per- 
haps some of his assistants, on the bridge, and the protection of 
armored wings, suc}i as those referred to, may well be afforded, under 
which these officers may take shelter when passing close to the enemy, 
if only to shield them from the effects of the concussion of the oppo- 
nent's heavy ordinance, and the searching fire of machine-guns. The 
tower itself would be a structure of immense strength, and of sufficient 
size above the bridge to admit of room for freely working all the appli- 
ances necessary for steering the ship, directing the guiis, and commu 
nicating with the different parts below; all such appliances being 
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arranged with tlie utmost care and precision. The armored wings on 
the bridge outside the tower would stand out from it at angles of 45° 
with the fore and aft line, those on the fore corners being about 3 feet 
in length, and those on the after corners 5 feet; this arrangement 
would least interfere with the ^'directors ^ for the guns. A bullet-proof 
roof or shield would cover the whole tower and extend over the wings, 
the edges capable of being raised on either .side, in case of the ship get- 
ting a permanent list. For going into action, the bridge must be en- 
tirely clear (any temporary chart-house or other obstruction being re- 
moved), it would extend sufficiently far towards the ship's side to com- 
mand from its ends an unbroken view ahead and astern, and from it 
the commanding officer should have full control of all that is going on 
inside the tower. Duplicates of the tell-tales, indicating the movements 
of the engines and rudder and the speed of the ship and engines (when 
these last are supplied), would be placed on the fore edge of the bridge, 

ABMOUEED CONNING TOWEE. 



Far'wc(r&, 




NoTE.—Width of bridge or platform will depend on the nature of the vessel ; and 
the depth to which the armored tower will have to be taken ^ on the position of the 
fiide armor. 
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in conspicnons positions, and, lastly, ballet-proof shelters woald be fit- 
ted at the bridge ends, which, however, most not show above the bridge 
netting so as to obstruct the view from the directors. 

The essentials for efficient conning and directing arrangements may 
be thus summarized. A strong armored tower, with armored wings 
at its comers, as complete as possible in all its internal communications 
and appliances, with a clear serviceable bridge or platform round it^ 
from the position of which the captain has full control of the armored 
tower, and is best placed for maneuvering and fighting his ship. 

All iron-clads are at present provided with conning-towers of mere or 
less efficiency, but there is a general want of completeness and uniformity 
in the arrangements, as a whole, for the serviceable conning and direct- 
ing of these ships in action. XJnarmored ships are almost entirely 
without any system of protection for their conning arrangements and 
communications. It would be found extremely beneficial to such ves- 
sels were they fitted with towers and bridges similar to those above de- 
scribed, the towers constructed of a moderatiC thickness of steel, instead 
of being armored. 

As a matter of actual construction the conning-tower with its bridge 
may be considered of comparatively minor importance; but in the design 
of a ship of war its position should be early decided upon, and to it all 
other external arrangements, whether with reference to guns, funnels,, 
boats, or masts, should be subservient. I have said a good deal on this^ 
subject, because it so greatly affects the fighting efficiency of the ship 
from the captain's point of view. 

lY. — On torpedo defense. 

The necessity of supplying the ships of our fleet with means of pro- 
tection against the attack of torpedoes is but too apparent, when we 
consider the gigantic strides that the methods of torpedo attack have 
recently taken 5 the immense increase in the number of torpedo crafty 
some of unparalleled speed ; the wonderful results obtained with White- 
head torpedoes; and the fact tha^t every nation with a seaboard is^ 
arming itself with these destructive weapons. In maritime warfare, 
every state whose navy is not sufficiently powerful to keep the sea 
against its adversary will cultivate the art of attacking with torpedoes^ 
while those nations whose naval power admits of their sending fleets to 
sea, must study the resistance of sach attacks, or, in other words, <^ tor- 
pedo defense.'^ 

Torpedoes may be classed in general terms as stationary and locomo* 
tive. The former class is practically unlimited in destructive power j 
such torpedoes must, therefore, be rendered harmless before an iron- 
clad or other important vessel should be allowed to approach within 
their range. The latter class is fortunately limited in power, and it i» 
against these weapons that we have principally to provide protection.. 
Apart from any strengthening measures which may be taken in the 
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construction of the ship below water to enable her to resist the explo- 
sion of sabmarine mines, there are two methods of defense against loco- 
motive torpedoes: one by rigging out obstructions and hanging nets 
round the ships (this, assisted by machine-gun fire, is the only defense 
a ship can provide from her own resources), and the other by means of 
counter-attack vessels of equal or nearly equal speed with torpedo- 
boats, but capable of keeping the sea and cruising with the fleet. 

In a secure anchorage it w;ould be easy enough to arrange effective 
protection in the way of obstruction, supplemented, if necessary, with 
lines of torpedoes round the ship or anchorage; but it must be borne in 
mind that a ship so protected sacrifices her mobility, and may become 
the victim of a ram before she can get under weigh and be clear for 
maneuvering. In order to constitute a serviceable defense, nets and ob- 
structions should be capable of being got in and out quickly ; they should 
be strong enough to be carried at sea (when the nets on the beam of 
the ship might be rigged out if required, provided that the weather was 
moderate), and the gear should be so arranged as not to mask the guns 
at any time. Unless this system of defense is most carefully and serv- 
iceably fitted, the dangers of fouling the screw, impeding the ship's 
movements, and otherwise detracting from her fighting efficiency, are 
such that many officers would sooner risk being without it. However, 
so great is the importance to England of having her valuable battle- 
ships protected from the attack of torpedoes, that it may be hoped no 
pains or expense will be spared in designing and supplying our princi- 
pal vessels with effective torpedo-net defense. 

As regards small sea-going vessels of great speed to accompany the 
larger and more unwieldy ships of the fleet as auxiliaries, it is fast be- 
coming recognized that the need of some such vessels will be urgently 
felt in time of war, and that it would be well if every battle-ship in a 
squadron had one or more of these small craft attached to her, as a ten- 
der to protect her from surprise, and, x)6rhaps, the successful attack of 
swift torpedo boats or vessels, which her own unwieldiness might pre- 
vent her from combating. Captain R. H. Harris, R. K., read an admi- 
rable paper on the subject, at the United Service Institution, last year. 

Some small, swift vessels, commonly known as the Rendel type, have 
lately been constructed at Sir William Armstrong and Company's works, 
and proved a great success. The class which is called at Elswick 
^* Cruiser A" consists of vessels of only 1,360 tons displacement, carrying 
two 25-ton and other small guns, and realizing a maximum speed of no 
less than 16.4 knots, besides which they are reported to be sea-kind and 
serviceable craft. To nations whose battle-ships are to keep the sea in 
time of war, vessels of a similar type— we may almost say — are indis - 
pensable. Such vessels should be limited to 1,200 tons displacement (or 
less for the comparatively smooth waters of the Mediterranean), they 
should carry an armament consisting chiefly of machine shell guns, and 
torpedoes, and possess the highest speed possible for a vessel intended 
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for sea-going work. Their three essentials are: (1) Great speed ; (2) 
Small size ; (3) Seaworthiness. 

The protection against torpedoes which comes most directly under 
the heading of this paper, is that obtained by giving greater strength to 
the bottom of the ship, with a view to its resisting the destructive 
effects of submarine explosions. So long ago as 1869, Sir Edward Eeed 
propounded and established the principle of constructing the hulls of 
armored ships as lightly as possible, so that a greater proportion of 
the weight of displacement might be devoted to armor, armamentr 
equipment, &c. Torpedoes were then in their infancy, and the idea was 
to submit to having the outer skin of the ship blown in by a torpedo, 
and to trust to double bottom and other compartments to prevent her 
being seriously damaged. This principle appears to be still in vogue • 
but since locomotive torpedo attack has now so greatly developed, would • 
it not be prudent to reconsider the question, and put more strength into 
the construction of the ship's bottom, even at the expense of reducing 
the weight of armor to be carried ? We cannot hope to obtain suffi- 
cient strength to resist the effect of a charge of dynamite or gun-cotton 
ignited when actually in contact, but with stronger bottoms, and per 
haps the introduction of some plan by which the blow on the outer skin 
might be cushioned, a fair amount of safety would be secured against 
such explosions, when the mine is not in contact. So much has recently 
been done to organize and perfect the attack on the vulnerable parts of 
the ship below water, that we may well think seriously of introducing 
some such modification in the construction of the hulls of our armored 
ships. Whilst on the general question of defense, we, in common with 
other nations intending to hold the sea against their adversaries, must 
be prepared with serviceable, well-fitted nets and obstructions ; and 
counter-attack vessels thoroughly suited for the work ; to resist tor- 
pedo attack in every variety of form. 

From the numerous subjects of interest bearing on the construction 
of ships of war I have selected these four, because they appear to me to» 
be among the foremost in importance from a naval point of view. The 
strength of the ram and the system of water-tight compartments are 
now old questions, but age does not detract from their value, and they 
must not be allowed to rust, while the necessity of having efficient con- 
ning-towers and torpedo protection becomes increasingly apparent in 
proportion to the improvements in the accuracy and power of heavy ord- 
nance and machine guns, and the development of the attack with tor- 
pedoes. I have endeavored to point out where improvements might be 
convenient, and where weaknesses may be experienced when our ships 
are tested in action, but I shall be perfectly satisfied if I have succeeded 
in iinpressing the meeting with the importance of giving these questions 
full consideration. I trust some of the gentlemen present will freely^ 
and, if they think fit, severely criticise this paper. 
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Sir Edwabd Eeed. My lord and gentlemen, I think no time should 
be lost, at any I'ate, by the ship-building members of this society, in re- 
cognizing the unusual value of this paper. It appears to me that it is 
a paper of a very exceptional kind with us, but of precisely the kind 
which was contemplated from the very foundation of this Institution. It 
was hoped that one of the great objects which this Institution would 
effect would be the bringing within reach of each other the ship-builder 
and the sailor ; and I am sure that this paper has brought the sailor in 
our midst to-day wj^h very considerable advantage on three or four 
points that must have exercised the minds of all designers of war ves- 
sels. I agree with the author in thinking that he has selected some of 
the most important points demanding consideration, in the choice of 
subjects which he has made. With regard to bis observations on the 
strength of the bow for ramming, I am inclined to think that the sub- 
ject requires a little more consideration, as is not unnatural, than he 
has given to it. In the first place, in the only experience that we 
have had, at any rate that I have been able to study myself— the 
only practical experience with ramming — some very curious and un- 
expected facts were developed, and one which I would recommend to 
the careful attention of Captain Noel, because I notice that in the 
paper he suggests that citadel ships are peculiarly liable to weak- 
ness and injury at the bow when used for ramming, in consequence 
of the absence of armor-plates at the bow to back up the stem. I^ow, 
that is a very natural opinion to form, but I am sorry to say that in the 
cases of the ramming which occurred between the two German frigates, 
it was proved that the presence of armor backing up the stem was pre- 
cisely the cause, taken in conjunction with the enormous protrusion of 
the stem below the water, of the 'great amount of injury which hap- 
pened. What occurred was this : the ramming ship took the other ship 
obliquely, and both were at speed, and that being the case the under- 
water point of the ram, which, as I say, had great advancement, was 
seized as 4t were by the ship rammed, and the armor which came to 
back up the stem at the water-line became a fulcrum, and consequently 
the momentum of the other ship, acting at the point of the stem, tended 
to, and did, turn the whole stem about the armor ends. The armor at 
the water-line served as a ftilcrum, and the stem was wrested out from 
all its connections, and resulted in a most frightful displacement. Kow, 
I only suggest this : it is not at all as an expression of the desirability 
of having no armor to back up the stem, but rather as an indication 
that unless the matter is very fully thought out, and thought out in 
relation to the form of the stem as well as to the fact of the presence 
of armor, and to the width of the armor which backs up the stem, you 
might possibly make great mistakes. Another remark touching the 
ram, in which I cannot quite concur with Captain Noel, is the intiaiution 
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which he gives that in his opinion the rams of the composite vessels 
sheathed with copper iand built with brass stems and stem-posts are 
brittle and weak. I think that they are not by any means brittle, and 
I very much doubt whether it would be found in action that they are 
not amply strong enough for all their purposes ; I mean regarded as 
solid blocks of metal ; I am not speaking now, of course, of their con- 
nection. There is a point to be carefully considered in that connection, 
and it is, I think, a very serious one, touching that type of ship, and 
that is that you must expect — at least I expect — that in all cases of one 
ship ramming another at speed there will be great disturbance at the 
bow, however well you build it, and when you set up disturbance at the 
bow of a composite vessel sheathed with copper, you set up an oppor- 
tunity for the copper bottom attacking the iron of the ship and extend- 
ing the mischief by chemical action from the moment the ramming takes 
place. That is a serious point which deserves more consideration, and 
I confess that for my part I adopted originally in the Inconstant the com- 
bination of a copper bottom with an iron-plated bottom with great ap- 
prehension, and I view with some objection and some fear its greater 
extension, and as far as I can I avoid the adoption of copper bottoms 
with an iron-bottomed ship ; I do not like the combination. In saying 
that, I do not wish at all to say that those do wrong who adopt that 
combination, although my own feeling is against it. Coming now to 
the next point (and our Eules make it very difficult to do justice to a 
paper of this kind in so short a time), I would venture to say that Cap- 
tain Noel.has expressed on the question of water-tight compartments, 
and the various complications that now occur in connection with the 
working of a ship, an apprehension which I am not at all surprised at, 
and one which has given me great anxiety at many times. I very 
much doubt whether the modern ship of war has not become, by com- 
plication in every part, a machine which men cannot efficiently master 
and handle in action. Take the case of the one ironclad which we lost 
by collision, the Vanguard, as an illustration of the manner in which 
even simple and obvious duties are likely to be lost sight of in the hour 
of battle. How was that ship lost ! She was lost from the neglect of 
the most obvious precaution after her collision occurred, namely, the 
closing of the water-tight doors between the engine and boiler room ; 
and, moreover, in that case the chief engineer of the ship was in charge 
of that duty, and it was the occasion when, if upon any occasion, you 
might have expected the thing to be well done ; and yet the responsi- 
ble officer tells us that when the accident happened he rushed out and 
saw water pouring into the engine room, and (instead of applying him- 
self to the dosing of the water-tight door, which was the one thing to 
save the ship) he ran on deck and told the captain that in his opinion 
the ship would go down. Well, with facts like that before us, how can 
it be expected that men will be found, whether officers or executive 
seamen, to perform all the things which it will be requisite to perform 
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in the case of all the aocidents of a naval war, and under all the excite- 
ments of action ? I remember a famous admiral of the American serv- 
ice, Admiral Farragut, speaking to me upon that point, and almost 
beseeching. me— after we had made a visit together to Chatham dock- 
yard on one occasion when I had the honorof being at the Admiralty — 
to keep things as simple as possible, and warning me not to depend 
upon either officers or men handling complicated things under such cir- 
cumstances. Why, my lord, just imagine what must be the nervous 
-condition of any man not gifted with extraordinary nerve in entering 
upon an action in command of an ironclad ship, with the knowledge 
that he has half a million or three-quarters of a million of money be- 
neath his feet, together with a great many lives, and that in the only 
instances in which one big ironclad has rammed another at speed the 
other has gone to the bottom. I say that the anxieties of naval men in 
that position must be very great, and I think it most desirable that 
they should come here and express them to us frankly and fully, as 
•Captain Noel has done in this case, and I think we should lay their 
«ugge8tions to heart. Now, I should like to say a word or two upon 
<5onning-towers. I would like first of all to say that this section of the 
paper is peculiarly gratifying to me, because it is now twenty years that 
I have been endeavoring to elicit from naval officers exactly what we 
have here got. Several times over, when I was at the Admiralty, as I 
think the right honorable and gallant gentleman sitting there [Admiral 
Sir John D. Hay, Bart., M. P.] will bear me witness, it was a matter of 
anxiety on the part of the Admiralty to elicit from the admiralty and 
captains in command of the ships of the Channel squadron suggestions 
with regard to what ought to be the character of the conning-tower on 
an ironclad line-of -battle ship, and what we always got was a variety 
of suggestions, and what we seldom got was a confident opinion and a 
defined plan ; in fact, we never got one, so far as I can remember. I 
think myself it is a question pre-eminently for the naval officer to tell 
us how he would like to be situated and circumstanced in action in com- 
manding and fighting one of these ships. Now, I may say that the 
Admiralty have not been wanting, in my opinion, in this — ^if my gal- 
lant friends present will forgive my saying so — so much as the naval 
officers. I remember in the case of one ship I put a tower which was 
broad enough — ^it was placed abaft the funnel — to enable you to see 
past the funnel on ahead quite clearly over the bow ; you saw every- 
where else quite perfectly ; it was high enough to look freely over the 
forecastle, and over the boats and everything else. It was large enough 
to contain a steering wheel and the various signals, and in fact was 
what I would call the embryo idea of the more elaborate suggestion 
which Captain Noel has made ; and the only result I got for my pains 
was that the then senior sea lord of the navy went and rather derided 
this tower on board the ship, and said how much better it would have 
been if the weight of that tower had been put in small guns along the 
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upper deck. That is an illastration of one of the difficulties we have 
had. I do not much complain of this, my lord, because every one must 
see that the problem is of the most difficult kind possible, and that it- 
is one upon which naval officers, like ourselves, must of neoBSSity have 
differed materially during the fluctuating conditions of the naval serv- 
ice in times past. I should like to say, further, that I very much approve 
of this tower of Captain Koel's. I think most highly of it, and I take 
a very lively interest in it. I remember having some discussion on this 
matter with a very eminent officer of a foreign service, the late Prince 
Adelbert of Prussia, when we were engaged in building the Kaiser and 
the Deutschland, which Mr. Samuda constructed for that Government, 
and with which I was connected. We had a great deal of discussion 
in Berlin aboiTt the conning- towers of those ships, and his royal highness 
came to the conclusion — at- least he was very strongly of the opinion 
which Captain I^oel has expressed, namely, that although a tower is^most 
valuable and indispensable for certain purposes, I mean for being within 
it — it is very necessary to have outside armored shelters, so that officers 
can move from side to side, and so that they can even meet together in 
temporary security outside of the tower under many of the conditions 
of naval warfare. Without further dwelling upon it, I would say that, 
as far as I can see, the tower which Captain Noel suggests is a most ad- 
mirable one, and thoroughly well deserving the consideration of all of 
us who are engaged in works of this nature. I am afraid that I have 
taken up my ten minutes, but I should like to make one remark upon the 
sul^ect last touched upon in the paper, that of torpedo defense. Cap- 
tain Noel says that as long ago as 1869, and he would have been quite 
correct if he had said as long ago as 1863, 1 assisted, or at least took 
part, in establishing the principle of saving as much iron as possible in 
the merely floating bottom of the vessel to get it for the armor and 
other things ; and a good deal of ttouble we got into, because people 
who are often more ingenious than they are kind, discovered, in the 
fact that we had saved a little more than we had calculated upon in the 
one case, and required a little ballast to replace it, a reason for attack- 
ing a class of ships and their designers incessantly, and misrepresenting 
them in every possible way; and not only that, but for turning what I 
believe was a professional triumph into a means of professional dis- 
credit and disadvantage. But I mention this point for the purpose of 
saying that my thoughts run rather in a different direction, and towards 
a different result ; I do not know that they will continue to do so, but 
they do at present, and have done for some time past, from that which 
Captain Noel suggests. The idea is that we should make this outer 
bottom of the ship thicker. Now, my idea is that whatever we can 
do in the way of thickening the bottom of the ship, it should be the 
inner bottom that we make thicker, and that we might make the outer 
bottom thinner with advantage in certain cases, giving the iron so 
saved to the inner bottom; and my reason is this: That the inner 
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bottom is farther away from the torpedo than the outer one, under 
whatever circumstances the torpedo is exploded, and the further you 
can get the torpedo to explode from your strong bottom the better. 
Therefore I incline to think that it is possible we may come to this ; 
we may come to an internal bottom, which would be much stronger 
than bottoms now are, and that we should make the external bottom — 
not a net, of course, that would not be possible — but such as to perform 
the function which the net performs at some distance from the ship, ta 
perform that at some distance from the inner bottom of the ship. I 
do not put these views forward as at all final or conclusive ; they are 
merely suggestions which have occurred to my own mind. Having 
exhausted my time, I will only repeat, my lord, that T for one am 
extremely pleased with this paper, and very grateful to Captain Noel 
for having read it. 

Mr. J. D'A. Samuda. My lord, I entirely concur in all the observa- 
tions which Sir Edward Eeed has made with reference to the ram, and 
I would merely add in confirmation of what he has stated that the ap- 
prehension expressed by Captain Noel in this paper may be quite put 
on one side with reference to the material of gun-metal not being suit- 
able for its application in the position of the ram when, wood and copper 
have to be used in conjunction with a steel-built vessel. The difference 
in strength between properly constructed gun-metal — properly mixed 
gun-metal — ^and iron is very much less than Captain Noel could have 
imagined when he wrote this paper. I am testing some myself at this 
very moment on a ram of the particular kind which he has described, and 
he will possibly hardly believe it when I tell him that the breaking 
strain of that gun-metal has been shown to be over 18 tons to the inch 
(that of ordinary iron being 22 tons), besides having a good deal more 
elasticity. Therefore, I think he may altogether disregard the idea 
that gun-metal will have any bad influence whenever it is desired to 
use it in the construction of vessels of this sort. I do not think that 
this would be perhaps quite the right time to go into one's views with 
regard to the application of the ram generally as an offensive power in 
the navy; butfor my own part I hold that ramming will be very little used 
and very much less successful than guns when it is used ; and you will find, 
as a rule, that what Captain Noel has expressed here is again quite right, 
that it is not a science that can be practiced very much and that, conse- 
quently, deductions cannot be drawn from it very easily. As to the extent 
to which it has been used. Sir Edward Eeed has mentioned one case to 
which I do not care to allude again, but 1 should just like to mention 
another in confirmation of the view I have expressed with regard to it,, 
and that I received from Admiral Tegetthoff, who, I believe, is the only 
man who has used the ram in actual warfare. He described to me in 
the most graphic way the effect produced upon him by having rammed 
the E6 d'ltalia which you will recollect was sent to the bottom by his 
vessel at the battle of Lissa. He said, <<If I were to live a thousand 
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years I never would ram another ship, the impression produced upon me 
was so awful." It was not only the eflfect produced upon him as being sin- 
gular, because my own impression is that he was one of the coolest and 
bravest men I ever spoke to ; but he said, " I went into that action hav- 
ing given orders to every captain under me, when I made a certain 
signal, to turn his vessel and ram the vessel opposite to him, and the 
only one that rammed was my own. After I had done it the effect 
produced was different from anything you have in uaval warfare gen- 
-erally. You see the vessel attacked at one moment, and the next mo- 
ment after she is struck 800 men sliding noiselessly into the sea, with the 
vessel following them, and then find yourself left with a perfect void, 
without any commotion, without any smoke, without anything to make 
one feel that one was in battle. All these things created such an im- 
pression upon me that under no circumstances would I ever ram again.'' 
Well, I cannot think, when a successful and brave man has dealt with 
the matter in that way. that men feeling that great amount of responsi- 
bility upon them would ever use that power when they have got what 
I consider to be a very much greater power in their possession; that is, 
^ood guns to make use of at a distance, and in the ordinary mode of 
warfare. However, perhaps, that is an observation which I ought not to 
have made in discussing this paper, because that is a matter which is 
peculiarly within the province of the naval officer, and not of the con- 
structor of vessels. I would like to say, just in further confirmation of 
this paper that I entirely agree with the general character of the line 
taken by the paper as to meeting torpedo defense. I believe that tor- 
pedo defense must be met by auxiliary vessels acting in conjunction 
with these large vessels which we are now building and relying upon . 
What the size of these vessels that will accompany the fleet will be is 
a matter of some considerable doubt at the present moment. Captain 
^oel has fixed it at about 1,000 to 1,200 tons, and though when acting 
in confined waters smaller vessels would be useful, yet in many seas 
these would be none too large. There is, I see, an interesting paper 
coming on immediately in this present session, in which M. H^ormand 
thinks that something like 50 tons displacement would be sufficient for 
vessels carrying out that work. I cannot at all agree to this. I think 
Oaptain Koel's figure is very much nearer the point than M. Korman's. 
I am quite sure that you do require, with vessels costing, as Sir Ed- 
ward Reed has observed, over half a million of money, to have auxiliary 
vessels acting in conjunction with you that can, like scouts or like cav- 
alry, come out and keep off such attacks as can be made upon you, and 
at the same time can possess great speed and that amount of gun- 
power that they can destroy vessels, be they large or small — generally 
speaking they will be small — so as to leave the larger ship in its more 
natural position of fighting vessels of its own size and vessels armed 
with great power. Tiiat I think is indispensable. I do not think that a 
torpedo-boat such as can be placed in the.davits suitable for this service 
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at all. I am speaking of vessels ^liich are sufficiently large to keep 
the sea in company with the fleet and of coming out and acting in con- 
junction with the fleet on those particular occasions. All that, I think, 
has been very admirably explained in this paper; and without going 
into any other points, I think we ought to give the thanks of this Institu- 
tion to Captain Noe> for having given us the flghting views of the cap- 
tains in connection with this matter. 

Mr. N. Babnaby. I should like, my lord, to say one word, or not 
much more, upon this paper. Sir Edward Eeed has taken up the points- 
which I had marked down here as being, as I thought, worthy of some 
remark, and I have scarcely anything to add upon those which he has^ 
touched, except that I would remind him — and he will be glad to be re- 
minded of it — that there have been three or four cases of accidental 
ramming between ironclads belonging to Her Majesty's Navy, where 
ships have been struck and have not gone to the bottom. With regard 
to the strength of the outer bottom, Sir Edward Eeed will remember 
what a keen discussion there was concerning the strength of the bot- 
toms of some of the early ships that he has had in his mind. One of 
them in particular, members here will recollect, was the Iron Duke- 
One of the contentions of Sir Edward Eeed was (and with that I al- 
ways fully agreed) that the strength of the outer bottom in that ship 
was quite sufficient, and in fact she was a better ship than if she had 
been made stiffer. I do not see the late captain of the Iron Duke in 
the room, or I am sure he would be ready to confirm what I am going 
to say, that, unfortunately, the Iron Duke was badly ashore twice ; that 
on one occasion she sued half her draught of water and received no 
injury ; that on the other she got upon the rocks and tore open the outer 
bottom, and that no water got into the ship at all from the inner bot- 
tom, except in one place where a stiff engineer's tube had been forced 
in through its gland, and the water found its way in by that passage. 
The outer bottom was torn open ; the frames between the two bottoms, 
were crushed, and there could not have been a better illustration, I 
think, than that ship furnished of the justice of the contention of the 
Admiralty officers in defending that class of ships. The question of 
the defense of that- class is now a matter of history, but it is important 
as affecting our present practice. And I would refer therefore to one 
other ship about which we were told that she certainly was too slight — 
namely the Iris. Unfortunately the Iris has been ashore quite recently,, 
and the letters we received from the dock-yard officers at Malta, where 
she has been docked, are to the effect that the ship has behaved splen- 
didly ; that the outer bottom is considerably injured — or rather I will 
not say considerably injured, but there are injuries to the outer bottom 
all along the length of the ship. I withdraw the word considerably,, 
and say that the bottom is broken through to a certain extent, but that 
the defect can be made good very easily and in a very short time, and 
the ship appears to have never been in the least danger of having water 
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admitted into the ship proper — that is, inside the inner bottom. One 
other word as to "armored tonnage" and the small vessels to which 
Captain Koel has referred, and about which Mr. Samuda has just spoken. 
We have had a great many discussions here of importance on this sub- 
ject, and my own views are quite in accordance with theirs, so far as they 
are worth anything. But there are very large demands made by Par- 
liament — very rightly, no doubt — for armored tonnage, and these ves- 
sels not being armored, strictly speaking, do not count. So long as 
the strong demands are formulated for armored tonnage, and the navy 
estimates remain where they are, the chance of getting these most im- 
portant vessels is extremely remote. 

Mr. W. H. White. My lord, I wish first of all to join in the expres- 
sion of thanks to Captain Koel for so fairly giving us his views. I. 
would like to add, that I sincerely wish we had had the opportunity of 
having one or more papers from other naval officers, because then we 
^should have had illustrated very forcibly, what is the fact, that differ- 
ent naval officers have very different opinions on the same points as af- 
fecting the management and efficiency of ships. From the nature of 
the problem, as Sir Edward Eeed has suggested, that is inevitable, and 
I think it is quite proper ; but speaking generally, and confining my- 
self to Captain Koel's opinion, I think, if he will excuse my saying so, 
that he has not fully considered the difference between what may be 
called the provision for the peace conditions of living in a ship and the 
-conditions of fighting her in action. Now, the designers of ships have 
to think of both. It is true that the more important is the condition 
for action, but the condition for action is one to be reached by prepara- 
tion. To take an illustration, I think that scarcely any naval architect 
would put a water-tight door in a bulkhead if he thought that the ship 
-could be worked without complaint without such a fitting 5 but, speak- 
ing now from an experience of many years, and I know I shall be very 
fully confirmed by everybody who has built war ships, the difficulty is 
to keep out water-tight doors. You start with what is considered the 
minimum number, the ship proceeds, and the tendency always is to in- 
crease the number. For instance, it is difficult to pass along at a cer- 
tain level in the ship ; the suggestion is made at once to put in a water- 
tight door. It can always be closed. The necessity for closing it in 
action will come once in twenty years, perhaps, but the desirability of 
having it there is of every -day occurrence. That is one out of many 
illustrations that might be given of the way in which the peace condi- 
tions of every-day service interfere with readiness for action. And if I 
may be allowed, just following up the remarks that have been made as 
to the complication of ships and the impossibility of overtaking that 
complication under the conditions of action, it seems to me, from my 
observations upon the subject, that there is always a pretty safe assur- 
ance that drill will come up to fittings. To take ag^ain water-tight 
-doors, the Vanguard disaster was one which we have not altogether 
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reason to regret. It is of course to be regretted, but it has its good side. 
I am speaking again as an observer merely, and Captain Koel will con- 
firm me in this ; the drill of the navy has greatly improved from that 
time in closing water-tight doors quickly, dealing with large openings 
on the outside of the ship, and so on — all these things have received 
the greatest attention in the service since, and the drill of the navy 
has overtaken the necessities of the case. So I believe it will always 
be. Perhaps the designers of ships err in one direction ; they may tend 
to greater details in fittings, greater complications, more mechanical re- 
finements, than the sailor feels comfortable with — and I can only say I 
am very thankful I have not to manage a modem ironclad — ^but, at the 
same time, I think there is a rectification continually proceeding, that 
is to say, the instructed officers of the navy are continually overtaking 
their responsibilities, and I believe they always will. It must be re- 
membered that these fittings are always subject to naval criticism in all 
their stages. They are not put in at the whim of any ship-designer 
simply ; they are put in after conference between the designer of the 
ship and the naval officers. Captain Koel will be glad to hear that 
some of the recommendations which he makes in the paper are estab- 
lished practices in recent ships. For example, we will take this which 
he has mentioned, and to which he has very properly attached impor- 
tance, the question of escapes* from spaces which must be occupied in 
action. In modern ships these are provided. Perhaps it is possible to 
make it too easy for a man to run away, I do not know whether that 
is so, but at all events in all cases where good reason can be shown, 
and where it is possible to do so, the conditions which Captain l^oel has 
formulated on page 5, as to providing for a man escaping from the tor- 
pedo compartments, the stokehold and so on, are very carefully con- 
sidered, and almost on the lines he has indicated. I should like to add 
one word on the pilot question, if I may. It is to ask Captain Noel if 
he has in the least degree considered what weight would be involved 
in giving anything like efficient protection, that is, a decent thickness 
of armor, under many of the conditions where this conning-tower 
might be needed. It is not merely the position in which the weight is 
to bo carried, it is the question of the weight itself which is important 
often, and that is true, of course, in relation to the size of the ship and 
its other qualities. I am not expressing any personal opinion about 
conning-towers at all ; I am not quite clear that I have one. I have 
many, it seems to me, in relation to the variousclassesof ships to which 
that protection should or should not be given. But although there is 
no standard pattern of conning-tower for all classes, it appears to me 
that it is always a question of the balance of advantage. Can you af- 
ford to give up the weight which would be required *? and it will be a 
considerable weight, I think, with such a tower as this. Of course, 
many naval officers say, " We should be content with protection against 
machine-gun fire; we do not require armor at all." Others say, " We 
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desire to have strong armor protection." Some again say, " We should 
like to go inside the towers,'' and others " outside the towers." For 
those who actually have to determine whether they will put a tower or 
not in a particular class of ship, such a difference of opinion involves* 
very great difficulties in decision. I do not think that Captain Koel, if 
he were to work this out with a 12-inch thickness of armor, for a com- 
. mon type of ship, such as is now built, would find that he would get 
this tower for less than twice as much as has ever been put into a pilot- 
tower yet. That may be quite a wise distribution of weight, but I 
would be glad to know if he has considered it from that point of view. 

Vice- Admiral db Hoesey. My lord, I rise to contribute my thanks- 
to Captain Noel for the very interesting lecture he has given us, and 
beg to be allowed to say a word or two with regard to Mr. White's last 
remark as to whether we should have armor -plated conning-towers or 
not. I think the majority of my brother officers will be very glad ta 
have an armored conning-tower if it can be given without introducing: 
too much weight, and therefore without sacrificing other necessary 
things. I am of opinion, myself, that, viewing the great necessity for 
economizing weight, which is so well known to Sir Edward Eeed and 
others, the enormous weight, as Mr. White has pointed out, that is nec- 
essary to make an armored conning-tower of the required size cannot 
well be afforded, and especially at so high a point. We know the ne- 
cessity for keeping our weights down as low as possible in our armor- 
clad ships, which are all, more or less — and must be — top-heavy. 1 
think that most naval officers (I for one, certainly) would be content 
with a conning-tower which is proof against machine guns. You are 
thus enabled to make it larger, so as to give the necessary space for dil 
recting your guns, and your helm, and your torpedoes ; but if you at al 
pinch the size of the conning-tower in order to economize weight, which 
a constructor would be very apt to do, then the conning-tower loses, 
enormously in value. One word I should like to say, my lord, with 
reference to Mr. Samuda's excellent exposition of ramming. I cannot 
agree with him (and I think the lecturer will be of my opinion) in think* 
ing that ramming is not an important thing. I look upon it as a most 
important mode of attack, and I do not think Mr. Samuda could have 
put its importance better than when he so graphically explained to you 
how in a moment you could send 800 people to the bottom. I think youi 
will find, my lord, that no naval officer will hesitate for one moment, if 
he gets an opportunity, to avail himself of such an admirable mode of 
dealing with an enemy. 

Admiral Sir Coopee Key. Before Captain Noel replies upon this^ 
discussion, may I say one word which may perhaps help him in his. 
answer. It is only on the important question of conning-towers. Mr. 
White asked the very difficult question, What would be the weight of 
the tower he proposes ! I just wish to say that I do not think 12 inches- 
of armor are nearly sufficient for a conning-tower. I think if you have 
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only 12 inches you had better do away with it altogether. If ydu afe" 
to have a secare conning-tower it should be at least 15 or 16 inches 
thick. I hope Captain Noel will give us the weight he considers neces- 
sary for a tower of that description. 

Captain Noel. My lord and gentlemen, I have to thank you very 
sincerely for the manner in which the paper has been received. I wish 
I could have put more value into it, but I was very much pushed for 
time. I was asked in January whether I would read a paper, and hav- 
ing a few notes with me, I put this together. I wish you to understand 
that in this paper I speak for myself as a naval officer, and not in any way 
in behalf of the navy. In the discussion we have had some interesting 
points raised, and I had perhaps better go through them in order. First 
as regards the strength of the ram. Sir Edward Eeed brought forward 
a question with respect to the bow of the Konig Wilhelm, and, accord- 
ing to his statement, the armor in that case did not support the bow ; 
but I think we may say that the bow of the Konig Wilhelm is one that 
has great weaknesses, one of a type not to be found in our service. Our 
bows are not so long, they do not project so far ; such projection is alone 
a matter of weakness. The bow of the Konig Wilhelm extends very 
far from the main part of the ship ; it is also a very narrow bow 5 it has 
no root, which I ventured to suggest was requisite ; it is a sharp angu- 
lar bow, which naturally gets very little support from the armor. I 
brought up the question of armor supporting the ram on the authority 
of the lamented friend of the institution, Mr. Scott Eussell, who talked 
of the bow being built of thick smooth plates, all supporting each other. 
But to get strength in the bow I take it you require a root^ a firm struc- 
ture on which to build your bow, which is in itself inflexible and cannot 
be easily turned ; then on that root I fancy that armor would certainly 
be a help. As regards brass stems, I have met with much opposition 
on this question. It may be that I am not sufficiently well informed, 
but the idea that occurs to me is this : it is not a matter of the tensile 
strength of brass, it is the power it has to resist a sheering force. Now, 
in ramming, the ram point is generally made so as to strike a vessel 
below her line of armor, and the greatest strain will come on that part 
of the stem which takes the armor shelf, and that will be essentially a 
sheering strain. I rather incline to hold my point, that brass would not 
stand that sheering strain in the same manner as wrought iron or steel. 
As regards ramming, Admiral Tegetthoff was one of the greatest au- 
thorities on the subject. He was the first man in the field to show us 
what ramming could do. Naval officers, however, must not listen to 
Mr. Samuda, or rather to what Mr. Samuda has told us about Admiral 
Tegetthoff. They must not lose heart. The thing is, that if we do not 
ram we shall be rammed, and therefore in self-defense we must ram. 
And, as I have stated before, in a pamphlet I wrote some time ago, if 
you intend to ram your enemy and you keep your bows on to her and 
at the last moment flinch, she will ram you, unless she is badly man. 
2872— No. 16 8 
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aged ; of course, on the other hand, if she flinches, you ram her. But 
the tactics of ramming are a science which I am certain (when we do 
have the war which must come some day) will be very important. 
Eamming is a thing that we cannot shirk, and for that reason our stems 
should be fit for the work. As regards water-tight compartments we 
shall hear more, I think, in the next paper. I quite agree with Mr. 
White, that it is very often the naval officer who wants the openings ; 
but, all the same, they are most dangerous things. There is little doubt 
of this, that that very ship, the Konig Wilhelm, when she rammed and 
smashed her ram in, would have sunk had she not had an intact bulk- 
head forward } there happened to be an intact bulkhead some 50 feet 
from the bow, which kept the water from filling the ship. I am very 
pleased to hear that there are modes of escape from below ; I did not 
doubt that the matter had been considered. I went over the Polyphe- 
mus one day, and I felt that I should not like to live in the stokehold ; 
for when the ship was bumping about between ramming, sending off 
torpedoes, explosions occurring on board, and one thing and another, 
he would be a plucky stoker who would stick to his work. As regards 
the conning-tower, I am exceedingly glad to find that it has created in- 
terest in the meeting. Conning-towers I have looked upon as one of the 
most important things in the fighting efficiency of a ship. I have com- 
pared a ship without an efficient conning-tower to a man without an 
efficient head-piece ; I have not said efficient brains, because it might 
be remarked, ^^Oh, you mean that the captain represents the brains, 
and therefore you want to protect the captain.^- Now, it is not protec- 
tion for the captain that I want. If the captain suffers there is another 
man to take his place, but if the communications suffer the ship is doue 
for. It is the communications that we want to protect. The communi- 
cations are the nerves, the ship being the body, and the protection of 
those communications is a vital necessity for the ship. Therefore I do 
not care what weight is given ; let the weight be what it may, take that 
weight from the armor, or take it from the guns, take it from anything, 
but let us have the communications so protected that we can fight our 
ships. The Huascar had her tower knocked away the first thing, and 
there she was helpless in the action with the Chilian vessels. 

Vice- Admiral D£ Hobset. It was an armor-clad vessel. 

Captain Noel. She was armored, but very poorly armored. Still, 
the thing is to keep the communications clear and under good protec- 
tion. Of course, viewing this plan, it looks as if the conning-tower is a 
very large business, but the lower part of the conning-tower need only 
be an armored funnel or tube. This also must be borne in mind : that 
a structure of an oval or oblong shape need not be of such very great 
thickness. With all due deference to Sir Cooper Key, I think nine or 
ten inches in that shape is almost sufficient ^ at all events, I should 
limit it to twelve inches in most cases. Then comes another thing. If 
the position is well chosen — ^all these points are considerations for the 
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designers of ships — the conning-tower should hardly be visible from 
outside. The bridge netting can be built in with the nettings of the 
ship. So long as the conning-tower looks over everything, that is all 
that is necessary. You do not see the conning-tower as a large tower 
standing up in the ship ; you merely see it as shown in the plan, a foot 
and a half above the netting. The bridge netting would probably be a 
little above the ordinary netting of the ship, and other obstacles should 
be kept below that. Therefore, the conning-tower is not an object very 
easily observed from outside. As to torpedo defense, it is of course 
entirely a matter for the constructors, to decide how to get the neces- 
sary strength to resist torpedoes in the construction of the bottoms of 
ships ; whether with weak outer bottoms and thick inner bottoms or 
vice versaj or by some other plan. But I think there is very little ques- 
tion that, seeing how greatly torpedo attack has improved in every 
way, and how the attack by torpedoes is likely to be cultivated by 
ailmost every nation that has a seaboard, we should pay particular at- 
tention to the subject. I think that the meeting, as far as we have 
heard, agrees with the idea (which was not mine at all) of the necessity 
of having torpedo vessels of great speed, and I am very glad to be sup- 
ported by Mr. Samuda as regards the tonnage; I do not think we shall 
^et thoroughly efiftcient sea-going vessels very much under 1,000 tons. 
Mr. White has said a good deal about peace considerations. Now, I 
hold that war considerations are far more important than peace consid- 
erations, and I imagine that naval officers are willing to sacrifice a 
^ood deal to know that their ships are thoroughly efficient for being 
taken^ into action. I do not think I have anything more to add. 

The President. I am quite sure you will allow me to convey to Cap- 
tain Koel your united thanks for his most valuable paper, and to thank 
those gentlemen who joined in the discussion for their remarks. I am 
perfectly sure of this, gentlemen, that there is no class of criticism that 
the designer, the naval architect, hails with more thorough satisfaction 
than naval criticism, because he brings his study and his science to bear 
upon the machine, but the naval officer uses it, and consequently it is 
well — ^it is essential, in fact — for the success of our ship-building, that 
these criticisms should be given, and it is upon that account that I am 
extremely gratified to-day to see so large and influential and able an 
attendance of naval officers. I only hope it is the beginning of better 
times, and we shall have more naval officers attending our sittings than 
we sometimes have had in the past. Perhaps, gentlemen, you will allow 
me to convey your cordial thanks to Captain Koel. 
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EFFICIENCY OF GXJIDB-BLADB PBOPBLLBR8. 

By J. I. Thornycrapt, Esq., Member of Council, 

[Bead at the twenty-fourtli sessioii of the Institation of Naval Architects, March 
14, 1883; the Right Hon, the Earl of Ravbnsworth, prcBident, in the chair.] 



During the years 1879 and 1880 1 made experiments with guide-blade 
and other propellers, using models of small dimensions. 

These models indicated some advantages to be derived from the use 
of guide-blade propellers, and my firm has since fitted H. M. torpedo 
vessel Lightning with a propeller of that kind, and built a shallow 
steamer for the Congo, with a hull specially formed to suit the require- 
ments of the propeller when used for very shallow draught. I now pro- 
pose to give a short account of the results obtained with the models^ 
and afterwards with the propellers as fitted to the vessels before named. 

The models used were from 6 to 11 inches diameter, and were adapted 
to use from J to 1 horse-power, at a speed of 4J knots. 

In order to experiment with these models, a launch was fitted with a 
small shaft projecting directly forward from the bow into water which 
might be considered as almost undisturbed by the motion of the launch 
through the water, and the small shaft was driven by an engine with 
suitable gearing, to allow the turning moment exerted on the shaft to 
be continuously recorded, the shaft at the same time being free to move 
lengthwise a short distance, without hindrance, and allow the thrust of 
the propeller to be measured simultaneously. 

The launch was propelled principally by another engine, driving a 
screw at the stern, and the speed of this latter was found to measure 
the speed of the launch very nearly. A distance of 300 feet was meas- 
ured on the bank of the river ; the time running this distance, the rev- 
olutions of the main and experimental propellers, the turning moment 
and thrust of the model, were all recorded on a sheet of paper held on 
a drum, which was independently driven, while short intervals of time 
were marked on the paper by a clock. A great many experiments were 
made with this apparatus, which was found to work well, and in order 
to compare the efficiency of the guide-blade models with simple screws 
under as nearly as possible similar conditions, models of screws were 
made of larger diameter than their rivals, in a proportion that would 
use about the same power when working at their best speed. The results 
obtained will be found in the Table No. I. 
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In this table the particulars of some of the propellers tried are ar- 
ranged for each propeller in horizontal lines and named by a number 
by which each propeller will be known. Numbers 2 and 11 are described 
as common propellers, and are of uniform pitch throughout their propel-e 
ling surface, having an oval-shaped blade as in common use, and these 
were made for comparison with the other propellers tried as a sort 
of standard, by which the merits of the other propellers could be meas- 
ured. 

N"umbers 3 and 10 are screw propellers, with the blades thrown back, 
and the radial center-line of the blade is convex on the driving face. 
These are described on the diagram table as Thornycroft No. 1. Num- 
bers 6, 7, and 9 are guide-blade propellers, having blades and guides 
much like those proposed by the Hon. Eichard Parsons, but having 
also another feature which is important to insure success. This consists 
in a large boss, which gradually contracts the area of the stream flow- 
ing through the propeller, and is followed by a body which gradually 
allows the accelerated stream to unite. 

This table only contains the results of a portion of the models tried, 
but they have been selected as being those of the greatest interest, and 
giving the highest eflSciency. The table will, I hope, explain itself for 
the most part, but there are some terms used which require explana- 
tion. I believe Mr. Froude was the first to show that there was a par- 
ticular speed of running for any new screw propeller which gave the 
best results, and that this speed corresponded to that which gave about 
20 per cent. slip. This speed of turning is recorded on the table in the 
line marked '< revolutions at maximum efficiency," and is calculated for 
a speed of 4^ knots, at which speed the launch was run in the experi- 
ments given. 

The column "thrust at maximum efficiency'' is the thrust of the pro- 
peller available for propulsion at the before-named rate of turning and 
speed through the water. But the figures in this column refer to propel- 
lers of various diameters, and cannot therefore directly give any rela- 
tive idea of the thrust of the several propellers. Another column has 
therefore been prepared, marked '^ thrust due to 12 inches diameter,'' 
and gives the relative performance when the diameters are eqiial. 

The column marked " velocity due to pitch of leading edge" is of inter- 
est, as it shows how far the idea has been realized of making the lead- 
ing edge of the propeller cut the water without striking it. 

In comparing the three types of propellers experimented on, it will 
be seen that the efficiency does not vary much between them, the low- 
est being the simple screw with uniform pitch. The experiments, how- 
ever, do not show clearly which propeller should take the highest place 
in efficiency, for although No. 3 propeller gives .705, No. 10 of the same 
type gives only .635 on one hand, and .64 when tried again 5 while Nos. 
64 65 and 69 rive, respectively, .665, .663, and .644. 

The propeller No. 3 had long narrow blades, which were inconvenient, 
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and did not allow the engines to be ran as fast as has since been found 
necessary to fdlly utilize the capacity of the engines in the first-dass 
torpedo-boats, which are now fitted with propellers having wider and 
shorter blades, giving greater speed for the same boat and engines. 

No. 10 is a model of the prox>eller now used in the second-class tor- 
pedo-boats built by my firm, and was tried against a model of the com- 
mon screw of the same size, No. 11 in the table; the result being con- 
siderably in favor of No. 10, which gave an efficiency of over .635. 

Prox>ellers similar in form to these models were tried, on second-class 
boat No. 104, and the results obtained with the boat verified the model 
experiments on these two prox>ellers. 

In the comparison of efficiency, if we may exclude No. 3 and take 
only those prox>ellers that may be run at a high turning velocity, the 
guide-blade propellers are the best, and Nos. 64 65 give above .66. These 
propellers require to ran too fast for the engines if fitted to the first-class 
torpedo-boats, and the Lightning was fitted with one of the form of 
which 69 is a model, the efficiency in this case being about .64. 

Having found that the gaide-blade propeller, fitted with large boss to 
contract the stream, gave such good results, I made some exx>eriments 
with bosses and bodies fitted to the propeller No. 10 ; but the results 
obtained were unsatisfactory, and I was obliged to abandon the hope 
that the high dnty obtained from the gaide-blade propeller shown could 
be obtained by the much more simple means of fitting a suitable body 
behind a large boss. 

The experiments on No. 3i in table indicate the same propeller as 
No. 3, but the trim of the experimental launch was altered so as to 
allow the ends of the blades to just break the surface of the water, as 
described by Professor Reynolds in one of his papers read at this Insti- 
tution. The resalt in the experiment I made is, I now find, worse than 
I had imagined, for although, as I have previously stated at the Insti- 
tution of Civil Engineers, there is a point reached at a very high num- 
ber of revolutions when the efficiency reaches about .49, the thrust is 
then very high, and to obtain this result in an actual ship and propeller 
would be far beyond the capacity of the engines of the vessel. 

If this propeller is used to do the amount of work it can do best, when 
properly immersed (namely, exert a thrust of 6J pounds at 4J knots), 
when breaking the sarface of the water and giving the same thrust, it 
will require to run at 910 revolutions instead of 600, and the efficiency 
will be only .36, or about half its proper value for the propeller. It is 
of course uncertain what effect increase of size has on the amount of 
this loss, which it probably diminishes, but great improvement is re- 
quired, or the loss of efficiency will still be very serious, even in large 
propellers. 

In examining the velocity due to the leading edge of the various pro- 
pellers, No. 10 has a slight excess over the undisturbed stream, which 
stream is equal to 4^ knots, and in No. IO3, in which the form is changed 
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80 as to ^ve a greater increase of pitch in the width of the blade, the 
speed of the forward edge is less than 4J knots, but the efficiency is 
vedaced. This may perhaps be explained by the action a screw has on 
the water which is immediately in front of its disc ; the water is here 
accelerated by the loss of pressure the blades cause, and arrives at the 
propeller with almost as high a velocity as it leaves it. In my guide- 
blade propeller this cannot be the case. There must be an increase of 
velocity within the instrument due to the amount of contraction given 
by the boss. 

In the guide-blade propeller the speed of forward edge is greatly less 
than the initial speed of the stream in which they work, except in one 
of large diameter (So. 7) designed for a lower thrust>,the contraction of 
the stream being less as the same size of boss was placed in a larger tube. 
As, however, lessening the contraction did not appear to bring any im- 
provement, the opposite course was tried by again using the same size 
of boss, but in a smaller tube. This also resulted in a reduction of ef- 
ficiency, although, as might be expected, a very high thrust was ob- 
tained. 

It would therefore appear that the amount of contraction obtained in 
the models 6 and 9 is that best suited to propellers where a high effi- 
ciency is required, which cannot be sacrificed to give increasd thrust. 

I am not prepared to say the figures given represent the exact effi- 
ciency of the models tried, but I do believe they may be trusted as to 
the relative value. 

The apparatus used was frequently tested, but the amount of friction 
in the propeller shaft was always considerable, and unfortunately vari- 
able in amount to some extent, and thus liable to lead to error. The 
launch no doubt disturbed the water slightly, but this would affect all 
the models to about the same extent. 

I have now to ask your attention to the Table Ko. 2, which gives some 
particulars of the Lightning. The first column relates to the vessel when 
fitted with Ko. 3 propeller, and the other columns to the same vessel as 
afterwards fitted with N"o. 69 propeller, Ko. 65 in the second column hav- 
ing three blades instead of two. 

It will be observed that the coefficient obtained with the new pro- 
peller is good except in the last experiment, and I am informed that the 
Admiralty intend repeating this experiment, as there appeared to be 
fiome considerable falling off in speed during this trial. 

With regard to steering, the improvement is very marked, and the 
power of turning the boat against any extra resistance, which the trials 
do not show, is even more marked. 

I would call attention also to the great reduction in the diameter of 
the propeller used, 5 feet 10 inches reduced to 3 feet. 

There is some doubt as to the original propeller being fiiUy immersed 
even at full speed. This makes the comparison possibly unfair for the 
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Ko. 3 propeller, bat there was no appearance of racing except when the 
rndder was put over to a considerable angle. 

The arrangement of the propeller as fitted to the Lightning is shown 
in Figs. 1, 2, 3 (Plate II), where the propeller is inclosed in a tnbe 
which carries the guide blades within its after-end, and the part which 
has been described as the body is carried by the rudder, of which it 
forms a part. In order to insure ample steering power, the tube wa» 
fitted with two curved pieces fitting against the outside on either side,, 
and these were so actuated as to come out and form an additional rud- 
der when the helm was put over to any considerable angle, remaining^ 
in their places, however, for small angles of the tiller. 

As may be seen from the drawing, this involved complicated mechan- 
ism, which in itself is undesirable ; and, further, the increased thick- 
ness of the tube necessary for this construction increased the resistance 
of the propelling apparatus, and thereby damaged its efftciency. 

Plate in represents a shallow river steamer, propelled by two guide- 
blade propellers, the hull being specially formed to adapt thepropellers* 
to a very shallow draught. A hull of such dimensions has a very large 
immersed surface for the displacement, being in this case 61.3 square 
feet x>er ton, and very unfavorable to the displacement coefficient. 
When this fact is allowed for, I think we must consider that this boat 
gives a good result ; but the most curious thing connected with thi» 
shallow steamer is this : When one engine and propeller only are used^ 
and the other propeller is still on the boat, and not turning, the per- 
formance of the vessel with one propeller appears to be better than 
when both are used ; at the same time, their very small diameter must 
be remarked, and also the moderate speed of engines required. But in 
order to attain this last result, it was necessary to use a form of bladea 
with exceedingly long pitch (see Table I, propeller No. 9©) ; this entailed 
reduced efficiency only .577, and rendered the action of the propeller 
very Imperfect when going astern, but the way of the boat could be 
stopped in about two lengths. 

The mean pitch in a guide-blade propeller does not give a correct idea 
of the acceleration to be expected, and the same is true of any screw 
with a great increase of pitch. It is necessary, in order to compute the 
action of one portion of the surfeice, to consider the effect that has been 
previously produced by the surface that has already acted on a particle 
of the water, and to illustrate this Diagram 3 has been prepared. 

I consider that there are two kinds of vessel where the guide-blade 
propeller might be used with advantage: they are sea-going vessels- 
which often run in ballast, and, consequently, in their light trim do not 
properly immerse a common propeller } and the other vessels for navi- 
gation where the draught of water is limited and necessitates the use 
of paddles or guide-blades. In this case it would appear that the guide- 
blade propeller may be more advantageously used than the paddle 
where high speed is required, owing to the reduction in the weight of 
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the machinery, consequent on the increased number of revolutions that 
may be used, at the same time retaining the light draught due to the 
paddle-wheel, and having the further advantage of not increasing the 
extreme width of the vessel, which is an important feature in inland 
navigation. 

In conclusion, I have the pleasure to acknowledge the assistance given 
me by Mr. Sidney Barnaby in making the experiments, which form the 
most important part of this paper, and to thank my other assistants 
for the great pains and care with which they worked out the results. 

Table II. — Her Majesty's steam torpedo vessel Lightning, 



stokes Bay. 



May 22, 1877, No. 3 
propeller. 



Thames. 



No. 65 pro- 
peller, April 
20, 1881. 



No. 69 pro- 
peller, jTune 
2, 1881. 



Stokes Bay. 



January, 1883, No. 69 
propeller. 



Displacement . 
Indicated H. P. 
V3Df 



LH.P. 

Bevolntions of engines 

per minnte 

Speed in knots 



28 tons 
400.8 

147 



854 

18.54 



Time required to make 
complete circle. 



Diameter of circle in 
yards 



S 3-13 1 Half power. 



34 tons, about 
884 

151 



390 
17.7 



34tonB,about 
477 

161 



423 
19.02 



P 3— 48i 



Diameter of propeller 

Number of blades 

Immersed surface per ton 
displacement at 84 tons 
displacement 



J|«} Half power. 

5 ft. 10 in. 
8 



3 feet. 



24.1 



3 feet. 
2 



24.1 



34 tons. 
428 

113 



16.65 

{S 1—63 
P 1—34 
S 1-3 
P 1—3 

|^JJ|FuUpower. 

I JJ I Half power. 

3 feet. 
2 



4.1 



Table III. — Shallow-draught river steamer. 




October 18, 
1882. 



Displacement tons. 

Sim percent. 

I. H. P. 

Bevolntions per minute 

S|>eed in knots 

Diameter of propeller. No. 9o inches. 

Number of blades 

Immersed surface per ton displacement at 9. 8 tons displacement, square 
feet ^ : 



9.2^ 
112 



8. a 
16 
2 

61.3 
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APPENDIX, 
Note to explain Diagram No. 3. 




A A A A is a section of the propeller, B 6 B is the boss. The mean 
path of the water which flows through the screw is along a surface of 
which D is a section, any point c of which is determined by the equa- 
tion ae — C6* = c^ — 66*, so that D divides the volume swept out by 
the blades into two equal parts. The line D is nearly straight, so let 
it be supposed to be straight. Then, to get a section of the blade along 
the mean path, a cone of wood M N L is made such that its surface is 
a continuation of D. Then, having fitted the cone and screw on the 
same axis, a sheet of paper is laid round the cone and is cut so as to fit 
the blade along O D. 

LetE Ube the section of the blade thus obtained. Draw Er perpendic- 
ular to the direction of the shaft, and equal to the velocity of the point 
E round the shaft, and draw r£= the velocity of the 
boat or of the water relatively to the boat. Then, 
while the blade travels from r to E, a particle of 
water will travel from r to p with the motion due to 
the original velocity, but as the particle must still 
be in front of the blade, the blade will have pushed 
it through a di8tance=jp S in a direction perpendic- 
ular to E 8. ThusTS" will be the velocity and direc- 
tion of the particle at 8. At 8 set off S« equal to 
the velocity of the blade 8, and draw"lg equal and 
parallel to r8, and repeat the process as before till 
the end of the blade is reached. Let Y be the ve- 
locity of the particle at the end of the blade; this 
will be the velocity relatively to the 'boat, and the slip will be V — rp. 
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DISCUSSION. 

Mr. W. H. White. I am sure I am expressing the sentiments of all 
members of this Institation who have made any study of steam propul- 
sion, when I say that we owe to Mr. Thornycroft the deepest debt of 
gratitude for giving us these results. To any one who has had to do 
with experiments at all, it must be obvious, as I have the pleasure of 
knowing by the personal facilities which Mr. Thornycroft has given me 
on various occasions, that there is an enormous amount of work and 
most patient research represented here in a form most convenient for 
other people to use, and Mr. Thornycroft has here put upon record in> 
formation which I am sure will have an important bearing on the future 
of steam navigation at high speeds. That is mj conviction. Having 
said that, may I ask Mr. Thornycroft if he will be good enough to give 
one or two other pieces of information which I think he has, but which 
I cannot find in the paper. I do not find in the paper — I may be wrong ^ 
I have only glanced through it casually — any clear statement of what 
increase in effective thrust with a given propeller Mr. Thornycroft con- 
siders to be gained by the use of the guide-blade and casing. I believe 
Mr. Thornycroft has that information, and it will be a most valuable 
addition, if I am right in thinking it is not here. Thto I should like 
Mr. Thornycroft, if he can, to give us what the strength of the attach- 
ment for the guide-blade and its casings would need to be to prevent 
anything in the nature of rotary motion, if this system were applied on 
a large scile. It seems to me, if I apprehend the matter rightly, that 
so far as the guide-blades help the effect there would be that tendency, 
and it would have to be guarded against ; that is, in getting the utili- 
zation of the longitudinal component of the thrust you have to deal 
with another component, and that would mean, I think, some considera- 
ble strengthening: of the casings and their attachments with large en- 
gine power. Next, would Mr. Thornycroft add the slip-curve to this 
diagram f It would be such a complete comparison then with the late 
Mr. Froude's screw experiments. Mr. Froude gave curves of that kind, 
if I recollect rightly, connecting the efficiency with the speed of revo- 
lution and slip. Then with regard to the suggestion as to the possible 
performance of that shallow-draught steamer being better with a single 
screw than with two screws. 

Mr. J. D'A. Samuda. Only in turning. 

Mr. W. H. White. In propelling. If I correctly gather the facts in 
Table III, when she had the two screws at work she was certainly being 
driven at a speed which was considerable in relation to her length. Is 
it not possible that with a vessel of that form when driven at speeds 
above 8 knots, you are getting beyond the limit at which the curve of 
power expressed in terms of speed -abscissae would run up very rapidly? 
I don't know whether Mr. Thornycroft has that information, but I sim- 
ply make the suggestion, and again thank him for his very valuable 
paper. 
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Mr. N. Babnabt. I was hoping^ my lord, that some marine engineer 
might favor us with some observation, bat as none has risen I shall be 
glad to be allowed to say how strongly I feel with Mr. White the benefit 
of having information of this kind placed so freely before as as Mr. 
Thornycroft has been good enough to place it. We have all of us heard 
of the things he has done with the Lightning and with that small ves- 
sel for the Congo, but we are not accustomed to having such early in- 
formation given by people in his position enabling everybody to benefit 
by the experience he has gained by his careful calculations and experi- 
ments. 

Mr. Frank Marshall. My lord, as a marine engineer I am sure I 
only express the indebtedness that the whole of my profession owe to 
Mr. Thornycroft for this very valuable contribution to the proceedings 
of this institution. It is only one of the many debts of obligation which 
Mr. Thornycroft has laid us under in the various improvements that have 
«ome under our notice bearing on our profession. There is one difficulty 
I think we all labor under, if I might suggest it here, in connection with 
these papers, and that is the difficulty of our not having them in our 
hands before the meetings. 1 notice in the report of the council that it 
is the intention to publish these papers and to distribute them immedi- 
ately after the sittings. Perhaps the council will take into their consid- 
eration the great utility it would be if we had the papers put into our 
hands before the meeting, in order that such subjects as Mr. Thornycroft 
has brought before us to-day might receive the attention that they so 
richly merit. It is quite impossible, coming to a meeting of this sort 
and hearing for the first time such problems emunciated as Mr. Thorny- 
croft has brought before us to-day, to discuss them with that advantage 
which we might otherwise do. I strongly urge this upon the council. 
I again pay my tribute of thanks, and I am quite sure I only speak for 
my whole profession when I say that Mr. Thornycroft has in this, as in 
many other instances, added very valuable infonnation to our stock. 

Mr. J. I. Thobnycboft. My lord and gentlemen, I have much pleas- 
ure in answering as far as I can the questions that Mr. White has put 
to me. I think the Table I I have put on the wall will assist him in 
some part. Mr. White asks what increase of thrust we could get, as I 
understand him, beyond what we are getting with the propeller now. 

Mr. W. H. White. Yes. 

Mr. Thornycroft. In the table there is this column, " Thrust due to 
12 inches diameter." That column makes all the propellers equal in 
diameter, and gives them working at their best efficiency ; so that by 
comparing what you find in that column you can see how much more you 
can tax one of those propellers than you can tax an ordinary propeller 
and still get the best work. It is the fourth column from the right. 
There you will find that with an ordinary propeller of 12 inches diame- 
ter at 4} knots you can have a thrust of about 12^ pounds. Then in ex- 
amining the guide-blade propellers you will find on the same column the 
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first one is propeller ISo. 64. That propeller for its best work gives a 
thrust of 31 pounds instead of 12J pounds, at the same time the efficiency- 
being about equal. There you have about two and a half times the thrust 
for the same diameter. What I had settled in my mind previously to 
writing this pai)er was that I could get twice the thrust for the same di- 
ameter, and that curiously enough (experiments seemed to prove that at 
first) amounts to this, that with an ordinary propeller you lose a certain 
amount (by an action similar to walking up more stairs than you get up), 
and also you lose a certain amount by friction. If you could have your 
stairs, instead of slipping down in that way, standing still at first, and 
only slipping towards the last, you could afford the stairs to slip away 
from you twice as fast and lose only just as much. That would lead you 
on theoretical grounds to expect that you could use just twice the thrust, 
and in designing the propeller for the Lightning we made that assump- 
tion — ^that we could use twice the thrust. In designing this shallow boat 
for the Congo it was very desirable to use smaller propellers than these, 
and in examining curves, one of which we have here, which represents ^ 
^-inch propeller, there you see you can work to 15 pounds and get the 
best result. This is an 8-inch propeller. You can work up to nearly 30 
pounds from that 8-inch propeller without any very great loss. Of course 
that may be said of a common propeller. You can work it without great 
loss beyond its best work, but in designing a vessel we must use our pro- 
peller to do its best work. Again, referring to this boat, there we had to 
use a very small propeller, and we had to get a very large thrust. We 
made the propeller with a very great increase of pitch and a very great 
contraction, but we found with a less contraction for obtaining a long 
pitch we got a very high thrust. Propeller No. 90, with two blades, 
when reduced to 12-inch diameter, gave a thrust for its best work of 32 
pounds. Of course it ii^ not certain that the propeller was put exactly 
to the amount of work it was intended for. The real facts of the case 
turned out to be these : When the boat was actually built it was found 
that one propeller would drag the boat and give a higher displacement 
00-efficient than it did with both propellers in use. I am not prepared 
to explain that. 

Mr. W. H. White. I mean, if I may explain, that in estimating the 
displacement coefficient, it is assumed that the resistance is varying 
as the square of the velocity, whereas, as a matter of fact, it was prob- 
ably varying from 9 knots to a higher speed in a greater ratio than 
that. 

Mr. Thobnyoboft. I am afraid I am dwelling too much on one of 
Mr. White's first questions. I think possibly Mr. White is right in 
what he said about the lower speed of the boat, and that 12 knots an 
hour was beyond its best speed. That was also borne out by the fact, as 
will be seen in Table III, that at about 8 or9 knotjg the displacement co- 
efficient is very much higher than at lower speed. And had the boat 
been intended for 8 or 9 knots instead of 12 miles the one propeller 
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would have been the best, but at 10 knots the one propeller still 
seemed to be the best. With regard to the attachment of the guide- 
blades to the vessel, it seems evident that if the guide-blades do 
what they are intended to do, if they take nearly all the rotary motion 
out of the water, again you will have exactly the same turning move- 
ment on your guide-blades as you have on your shaft, and the attach- 
ment will want to be just as strong as the fixings of the engine in the 
boat. Mr. White has asked also for something I am sifraid I really 
cannot give him. He wants the slip-curve. There is one difficulty 
with this propeller in experimenting. The propeller was not ail fast to- 
the shatt, and this could not be attached without friction to some ex- 
tent. In order to experiment with it, it was necessary to run it at such 
a pace that tube and guide-blades would propel itself. We have 
worked down as low as they would keep forward 5 when these would 
no longer keep forward we knew we were doing bad work, and we did 
not go below that, although it was quite easy to do so with a simple^ 
screw, as Mr. Froude had so well done, and really the method of that 
diagram is taken from Mr. Fronde's. We were not able to continue 
this first line as Mr. Froude did down below there. There was also' 
another reason why we did not do that. We found we were working^ 
our experiments at about what we thought was the best speed — we 
could not tell when we were doing that which was the best; it took us- 
a day or two to get the results out — we had enough work to do to try 
the experiments where we knew there was something to be found, and 
not to be working on theoretical considerations. I must thank you 
very much for kindly hearing me at such length. 

The President. Gentlemen, I am sure you will allow me to thank 
Mr. Thornycroft cordially on your behalf for his valuable paper. I should 
like to take this opportunity of making a few remarks upon a matter 
which has been brought before the meeting, because when you want a 
thing done there is nothing like hammering at it until you get it done^ 
I have always found that in life. My friend, Mr. Marshall, has pressed 
a point which I certainly should have pressed if he had not raised it^ 
because it is one of considerable importance to our members, that is, the^ 
getting of these very theoretical and difficult papers, raising extremely 
difficult problems, into the hands of members sooner. I am quite sure 
that our discussions would benefit very largely if that could be done* 
I have pressed it in former years, and I again press it now, and I am 
sure you will all agree with me on the extreme importance of having be- 
fore the meetings papers in which problems of this difficulty are raised ;l 
and that they are difficult you can see from the fact that a man of the 
extreme ingenuity and ability of Mr. Thornycroft hesitates a little in 
answering the questions put by another extremely able man. That 
shows in itself that the ablest men are unable always to answer criti- 
cisms upon very difficult problems off-hand, before they have been able 
to work the thing out either by experiment or otherwise. I think when- 
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ever these papers are ready, and I would at once press this on oar 
members, with great respect to them, that it would be for the benefit 
of our discussions, particularly when they are papers raising such ex- 
tremely difficult problems, that they should be placed, if possible, in the 
hands of the members some days before they come up for discussion. 
The discussion loses by it if that is not so, because gentlemen naturally 
feel a modesty in getting up and dealing with matters of this difficulty 
at an extremely short notice. I pressed that before, and I press it again. 
I have only now, on your behalf, at the end of one of our longest sit- 
tings, I am bound to say, to thank our friend, Mr. Thomycroft, for his 
very admirable paper. 

2872— Ko. 16 9 
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VIII. 

ON SEA-GOING TORPEDO-BOATS. 

By Mofis. J. A. NoRMAND, Member, 

[Head at the twenty-fonrth session of the Institution of Naval Architects, March 15, 
i'j the Right Hon. the JJarl of Ravbnsworth, president, in the chair.] 



By " sea-going torpedo-boats " we mean boats of from fifty to eighty 
tons displacement, having a maximum speed of eighteen to twenty 
knots, capable of steaming at leasfljOOO nautical miles at ten or twelve 
knots, and of occasionally standing a gale, costing from £8,000 to 
£11,000, and manned by a crew of from ten to fifteen men. 

It seems difficult to overrate the importance of vessels of this class in 
future warfare. Indeed, should their seaworthiness be proved, the sub- 
sequent consequences would follow : 

(1) No iron-clad, no squadron or fleet, no cruisers (unless cruisers 
should attain the speed of torpedo-boats) could navigate in a sea of mode- 
rate dimensions, such as the Channel or the Black Sea, belonging simul- 
taneously to powers at war, unless they should be escorted by sea-going 
torpedo boats, equal in strength to those of the enemy. 

(2) Military ports situated in those seas or nearer than 200 or 300 miles 
to the enemy's shores would be rendered useless as stations for iron- 
clads or cruisers. For instance, supposing a war (which Heaven forbid 1) 
between England and France, this would be the case for Cherbourg, 
Plymouth, Portsmouth, and Sheerness. Cherbourg and Plymouth 
could then be assimilated to two military ports whose entrances should 
be under the fire of each other, shot being here replaced by torpedo 
boats. 

(3) Powers not having military ports sufficiently far from the enemy's 
shores, should be actually deprived of the use of their navy, with the 
exception of those vessels stationed in foreign neutral waters, unless 
they could force the blockade of sea-going torpedo-boats with a fleet of 
the same kind equal in strength. 

As the fight between torpedo-boats must precede that between iron- 
clads or cruisers and torpedo boats, the former must be armed accord- 
ingly with small guns, and especially revolving guns. 

It is also possible that they ought to be escorted by one or several 
transports, carrying as many second-class torpedo-boats as possible^ 
and serving as store-ships. In case of fine weather, the oflensive power 
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of the torpedo-boat squadron should be increased, and the reprovision- 
ing effected at sea. The escort would also greatly add to the security 
of the crews. 

The above propositions are founded on the hypothesis that one squad- 
ron of sixty to eighty sea-going torpedo-boats, equal in men and cost 
to one iron-clad, are stronger than this iron-clad by daylight, and a fortiori 
at night even when reduced to half its number, the other half having 
left to coal and reprovision itself. 

Could sea-going torpedo-boats be coaled at sea by means which are 
yet to be found, or could they, by such means as the use of liquid fuel, 
have their time of steaming doubled, their importance in warfare would 
be immensely increased. 

No second-class torpedo-boats could replace boats of this kind, be- 
cause they cannot stand a gale, nor can they be then lowered or shipped, 
so that the enemy can escape the attack of small torpedo-boats by 
taking advantage of bad weather. 

The question now is, are torpedo-boats of such small displacement as 
from fifty to eighty tons really sea- going? If they are not, can they 
be made so? Time and expei;ience will show, but we already know 
that with their steel deck and hatchway coverings they can stand very 
bad weather. 

One thing, however, is certain. The use of the torpedo is rapidly gain- 
ing a wider range. Before long we may see it replacing the ordinary 
ram, that most barbarous of all weapons for ships navigating in squad- 
ron, and which has already done more harm to friends than to foes. 
Should this substitution take place, the ram would remain, but it would 
be innocuous or offensive, at will. Of the three weapons in use at sea, 
gun, torpedo, and ram, the first alone can be guarded against by armor, 
and that by the sacrifice of money, men, speed, and handiness. As 
regards the two others, all ships are equally vulnerable. Should torpedo 
science continue to progress as it has already done, it will be nearly 
usless to protect ships at such fearful expense against shot, leaving the 
immersed portion unprotected, and the time may come when fleets will 
consist of cruisers and torpedo-boats or vessels. 



APPENDIX. 



It may be interesting here to note the results of the official trials, 
made last summer at Cherbourg, of the sea-going torpedo-boat, No. 60, 
the first of a series built or building by the author for the French Gov- 
ernment. 

HULL. 

Feet. Indies 

Length at load line 108 2 

Breadth, extreme 18 10 
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ENGINES. 

Diameter H. P. cylinder , inches.. 12. 6(T 

Diameter L. P. cylinder do 20.48 

Stroke do.... 14.96 

Heating surface (fire-side) square feet.. 816.00 

Grate surface do.. 19.3 

TRIALS. 

I. — Full speed, three hours^ trial. 

The hoat was complete, with lannching-tubes, compressing-engin'e, air-reservoir, 
six 19 feet Whitehead torpedoes, 2^ tons coal, two Berthon collapsible boats, no masts. 

Displacement tons.. 43.00 

Mean speed knots.. 20.62 

Consumption of coal during the three hours tons. . 1. 58 

Consumption of coal per hour l do 53 

(We believe this low rate of consumption, taking into account the speed and the 
weights on board, to be unparalleled. ) 

Indicated H. P. (about) 500.0 

Revolutions per minute 328. 5 

Boiler pressure pounds.. 132.0 

Air pressure inches. . 3| 

2. — Low-speed trial. 

Same weights as above, but with 5 tons more coal, and about half a ton provisions. 
Displacement tons.. 48^^ 

The trial lasted forty-eight hours without stopping, from August 19, 8 o'clock in the 
morning, to August 21, same hour. 

Weather fine for the first eight hours, rough for the forty remaining hours. 

Mean speed knots.. 12.70 

Total consumption of coal tons.. 5.91 

Although the engines raced frequently, all went well throughout the trial. 

The boiler was not coated during the trials. 

Both trials were preceded by runs on the measured mile. 



DISCUSSION. 



Mr. Yarrow. My lord and gentlemen, I am sure I express the feel- 
ing of the meeting in saying that we are greatly obliged to M. Kormand 
for laying before us his views on this subject. It shows a very kind 
feeling on the part of so distinguished a French gentleman to come for- 
ward and prepare a paper for an English institution, as he has done on 
this occasion, and it would be a good thing to have more interchange 
of opinion between engineers of different countries, and so long as it is 
not a one sided interchange it will be beneficial to both parties. Con- 
sequently, in order to reciprocate what M. l^ormand has initiated, so far 
as torpedo-boats are concerned, I would intimate to the distinguished 
French gentlemen here that we shall only be too pleased, when a favor- 
able opportunity occurs, to prepare a paper for some corresponding in 
stitution in France. I am almost afraid, gentlemen, that the boat-race 
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is more interesting than any remarks I would make. Therefore, as re- 
gards anything 1 might say, I would suggest it be sent to the secretary 
later on for publication with the transactions. 

The President. That is not in accordance with the rules; so that 
anything you have got to say, in spite of the boat-race, please say it. 

Mr. Yarrow. M. Normaud mentions that the consumption of coal 
on his full-speed trial is unparalleled, and I take this opportunity of 
confirming that. I am only sorry that M. Normand is not here, so that 
we might ask him some questions as to how he arrived at it. As re. 
gards sea-going torpedo-boats generally, what is meant by that expres- 
sion really determines the design of the vessel, and it rests with each 
individual Government to say what those requirements are. I take it 
that the two essential conditions of a sea-going torpedo-boat are that it 
shall have a speed, fully equipped, of not less than 19 knots, as any- 
thing less than 19 knots under those conditions would, I submit, at the 
present time not be up to recognized requirements ; and, secondly, that 
a boat of this class should be of as small dimensions as possible, with 
a given fighting power, that is to say, of two boats having different 
dimensions, but the same speed and the same fighting power, the smaller 
one is decidedly the preferable one. of the two, because it exposes a 
smaller area to the shots of the enemy's guns. A sea-going torpedo- 
boat must clearly be capable of going out to sea in any weather. If it 
is required for the defense of a port and the adjoining coast, I would 
submit that one of 100 feet long, by about 12 feet 6 inches beam, gives 
thorough sea-going qualities, which has been proved by the number of 
voyages boats of these dimensions have made; they have sufQcient coal- 
carrying capacity and accommodation to conform to the necessary con- 
ditions for the defense of a port and adjoining coast, and this may be 
obtained at a cost of from £8,000 to £9,000. If the sea-going boat is 
to make long voyages under steam, say 2,000 miles, and with suitable 
a(^commodation, I would submit that nothing less than 125 feet or 130 
feet in length would meet the requirements, and the cost of such a ves- 
sel would be about £12,000. Then comes the question, how far it is 
well for so large and valuable a vessel to be unprotected, and the ques- 
tion at once arises, how far armor protection can be secured, and on 
what conditions. I believe it is possible to design a vessel 160 feet in 
length having all the machinery and torpedo gear encased at the sides 
with li inches steel, and deck with 1 inch steel, at a cost of about 
£28,000, having a speed of 19 knots. I introduce the cost because it 
would seem to me that, having a given sum at their disposal, it rests 
with naval authorities to say what is the best way of spending that 
sum. I would say now a few words touching the desirability of having 
twin screws for torpedo-boats. Mr. White, in his excellent work, has 
clearly pointed out the superior performances of twin over single screws 
in ordinary vessels, due, no doubt, as he says, to the more advantageous 
position of the propellers compared with that of the single propeller, as 
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usually adopted. But I do not think, considering the position of the 
single screw in a torpedo-boat, he would expect any advantage in per- 
formance by adopting the twin screws. There is one point, which I 
think an important oiie, in connection with twin screws for torpedo- 
boats to which I would draw attention. If it is desired to attack a 
vessel end on and retire end on, so as to expose as small an area as 
possible ta the enemy's fire, with a single screw vessel, it is well known 
that, on the boat being stopped and the engines started astern, it will 
' not go back in a direct line, but will turn until sufficient way is secured 
f(jr the rudders to obtain command, thereby presenting the entire side 
of the torpedo-boat to the enemy's fire, and that at a time when it is al- 
most at a state of rest. If, on the other hand, twin screws are adopted, 
the boat would be under entire command from the very moment of going 
astern, and I believe it is the opinion of naval authorities that, if that 
could be attained, attacking end on and retiring end on would be a very 
desirable mode of attack. I would mention that the importance of this 
point was first pointed out to me by Count Hoyos, of the firm of White- 
head & Co. 

Mr. J. D'A. Samuda. My lord and gentlemen, it seems to* me that 
we are almost as much indebted to Mr. Yarrow for the explanation 
which he has given as we are to M. Normand for the paper which he 
has presented us with ; but what I would desire to call attention to is 
this: That this paper is a much more ambitious paper in its design with 
reference to the way in which it proposes to use vessels than Mr. Yar- 
row has treated it as being. From the point of view in which Mr. Yar- 
row has it treated, that is to say, as a torpedo-boat, it is very proper to 
use exactly the arguments that he has used, but what we have to look 
at with reference to this paper appears to me to be this: Is the author 
of this paper right in supposing, as this paper evidently does suppose, 
that by the introduction of such torpedo boats as he describes here, 
viz, torpedo-boats of 50 to 80 tons' displacement, we should be able 
ultimately (to use his own words) to reduce the contest which will have 
to take place by saying that " the time may come when fleets will con- 
sist of cruisers and torpedo-boats- only." l^ow, I think you must there- 
fore take this paper in the interest of the writer of it with regard to the 
possibilities of giving effect to his ideas by the means which he puts 
before us. I venture to think myself that he is entirely wrong in his 
view. I venture to think that no.boat whatever of these sizes would 
be suitable for the services which he designs to apply it for. I quite 
agree as to the enormous value that torpedo-service is about to render, 
though probably it has not developed itself sufficiently yet to say it 
has done that which many of its advocates desire to say tor it. But it 
certainly will go on improving, and will do it. Therefore our right way 
is to treat it as though it had accomplished the purpose yhich it is 
making such very rapid steps at the present moment towards accom- 
plishing. That being so, I agree with so much of this paper as says 
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(and I believe we mast all of as agree to this) that it is not desirable 
to leave our large iron-clad vessels which ar6 building at the present 
moment entirely dependent upon their own means of defense against 
torpedo-boats that may be sent against them. Neither would it be de- 
sirable to limit their means of defense to torpedo-boats such as they 
might carry on board their vessels and in their davits. I believe, too, 
that you will find it an absolute advantage, if not a necessity, to take 
with the fleet scouts, in the shax)e of one, or two, or three torpedo-boats, 
accompanying every one of these large irourdads, boats which will be 
capable of keeping the sea and maneuvering with it. That is what 
we have to look to; and then the question is, whether boats of this 
size and description at all approach to the work you require to do. I 
think not, I think if you would be content to avoid all armor protec- 
tion, or a very large portion of it, that such vessels, vessels of the sizes 
that were spoken of yesterday at the time of Captain Koel's paper be- 
ing read, would be very much nearer the description required. These 
would be vessels of some 1,200 tons, instead of being 50 to 80 tons' dis- 
placement. These would be vessels that would be able to carry large 
guns; guns which could penetrate small armor-clads, or attack cruis- 
ers unarmored at a considerable distance, and would be a most valu- 
able accompaniment for the fleet, something like cavalry to an army, 
. or skirmishers to an infantry regiment on going into action, or in pro- 
tecting the iron-clad when taking up its position, or in going into a gen- 
eral engagement with the iron-clad ; but vessels of the small size sug- 
gested by M. Kormand are wholly inapplicable, and I am not by any 
means certain, if you could afford the money, that even then you would 
do well to confine it to such vessels as were spoken of yesterday. I am 
not quite sure that money should be an absolute estoppel to you; and it 
ought not to be, because in these matters money ought never to be con- 
sidered« The sole condition which I believe you ought to have in view 
is to accomplish your object, no matter at what cost, because I have 
always held— and I think the thing cannot be too prominently put for- 
ward — ^that to fail in what a nation desires to do in case of war must 
inevitably entail upon it enormously greater expenses than those which 
w6uld have been necessary to have enabled it to succeed. I think so, 
and when we look at what has taken place in modem history — ^in the 
result of the late war, for instance, between France and Germany — we 
see that such great fines are imposed upon the unsuccessftd party that 
it is quite impossible safely to neglect anything that you can conceive 
will most effectually carry out the end which you have in view. Going, 
then, farther on in that direction, that is to say, to getting the most 
complete mode of defending a great iron-clad before that iron-clad shall 
be brought into contact with vessels like itself or with any other fleets 
which it might have to encounter, or with any other vessels which it 
might have to meet in much greater numbers, but not armored like 
itself, even the protection of armor would be of .great assistance to 
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these auxiliary vessels, that would be accompanying the fleet, and, if 
you desire to give them a moderate amount of armor, then 1,200 tons 
would not be sufficient, but you would have in all probability to double 
the sizes of these vessels. Still, I think myself that it is not at all nec- 
essary, in arguing this paper, that one should take a different line of 
departure from that which is accepted as sufficient by the writer him- 
self, viz, that a vessel of the same description as that which might de- 
stroy an ironclad should be the means of opposing and preventing its 
destruction. That could be very well done without vessels plated with 
armor; and then I think that with vessels of something like 1,200 tons' 
displacement you might carry such powerful guns, you might also carry 
torpedoes, that no torpedo-boat could at all approach or come within 
anything like an attacking distance of your large iron-clad, and you 
would by this means be able to keep off this great attacking force 
which M. Normand fears might ruin the iron-clad and destroy it. As to 
the idea of being able to have a vessel of 50 tons that should go out and 
accompany the fleet, it appears to me that such a vessel would be ut- 
terly incapablfe of doing the service that is required of it, that is to say, 
beyond being a mere torpedo-boat itself. 

Mr. E. H. Andeevts. My lord, opinions differ as to what is the 
best size for a torpedo-boat. Some men advocate large ones, and some 
small ones. ]^o donbt both kinds are useful in their way. My opinion 
is, that small torpedo-boats, like the second class in our navy, are use- 
ful under a few conditions only, and principally as picket boats, to give 
warning of, and keep off boats of the enemy. I have no hesitation in 
saying that they can only be used as torpedo-boats in fair weather, 
and that it will be a matter of impossibility to fire the torpedoes from 
them with any degree of accuracy if these is any sea on. If they were 
fired, it would be quite as reasonable to expect that they would hit 
themselves, or their friends, as the enemy. The larger the boats are 
the steadier they will be in rough weather, and, consequently, will give 
a better chance of striking an enemy's ship with their torpedoes than 
the small boats will. I think there should be large torpedo-boats to 
accompany a fleet, so that torpedoes may be fired against the enemy 
in bad weather, and also small torpedo-boats carried in ships to be 
used as torpedo-boats in fine weather, and as picket boats to keep off 
night attacks by the enemy's boats in all weathers. I have no doubt 
that in any future naval war torpedo-boats will principally be used by 
night, and that it will be desirable to have a large number of these 
boats in the fleet, so as to form a cordon of one or two lines of boats 
around your own ships to keep off the attacks of the enemy's boats. I 
suppose no one will deny that the greater the number of boats, whether 
torpedo or ordinary boats, the better will be the protection to their 
ships. I have been told that during the Eusso-Turkish war Admiral 
Hornby had our fleet anchored in a bay in the Black Sea, the entrance 
to which was very narrow, and as an experiment he gave orders for a 
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few ships' boats to go outside the entrance of the bay, and during the 
night the officers in them were to try to steam the boats into the bay 
and up to or near the ships. Sentries were placed on each side of the en- 
trance, the electric light was used from the ships, and i)icket boats were 
steaming about, and yet some of these attacking boats passed through 
the entrance and got within torpedo attacking distance of some of the 
ships without being discovered. It seems to me, therefore, that a great 
number of small torpedo-boats will be very useful indeed, and some 
large ones with a fleet will be indispensable, for the reasons I have 
given. The question as to the proportion of large to small torpedo-boats 
in a fleet is one which cannot easily be answered, as the cost must be 
considered as well as other matters. If we suppose a large first-class 
torpedo-boat to cost £10,000, we can get four second-class boats for the 
same money ; but it is very difficult to say definitely which wou'd be the 
most advantageous way of laying out this money, the purchase of one 
large boat or of four small ones. Referring to the results of the full- 
speed- trials, given at the end of the paper, I think that, as M. Nor- 
mand has been so generous in preparing this paper to be "read at these 
meetings, we might ask him if he will kindly attach to it, to be printed 
in the Transactions, a drawing of the boiler of the boat in which the 
trials were made.* My reason for asking this favor is, that the con- 
sumption of fuel on the three hours' full-speed trial is, I think, unpre- 
cedented for a torpedo-boat ; certainly it is in my experience. When 
we find a torpedo-boat of 43 tons' displacement being driven over 20 
knots per hour on a consumption of fuel of 61.5 pounds per square foot 
of grate per hour, or 2.37 pounds per i. h. p. per hour, we cannot but call 
it a very economical result, and one that has not as yet been attained 
in any of Messrs. Thorny croft'« or Messrs. Yarrow's boats, under the 
same conditions. It is practically impossible to make more economical 
engines than those by these two firms ; consequently, the boiler must 
be a better one for steaming than those usually fitted in our torpedo- 
boats, and therefore a drawing of it would be deeply interesting to us 
all and would be a very valuable addition to M. Kormand's paper, and I 
trust that he will pardon me for making such a request. 

Vice- Admiral De Horsey. My lord, I wish to add my opinion to that 
of Mr. Samuda, that a torpedo-boat of 50 tons cannot be qualified to 
keep the sea. We read in the high-speed experiment of M. Normand 
that she had on board 2 J tons of coal; that she performed her great 
speed of 20.62 knots very economically, but that during three hours she 
burnt 1.58 tons. Therefore she could last for something under six hours. 
Kow, I would ask the meeting what use would be a sea-going torpedo- 
boat whose powers were limited to six hours'? She might be six hours 
waiting for the enemy, or sixteen, or sixty. I think, my lord, that the 
truth of the matter as regards torpedo craft is this, that we must have 

* Sea letter from M. Normand at the end of the discussion. 
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diflTerent sizes for different work. The vessel liere described, the 50-tOQ 
torpedo-boat, would, I have no doubt, be admirable for issuing from our 
ports to attack an enemy. When you come to Channel work you want 
a size larger ; when you come to Mediterranean work you must have a 
size yet larger, and when you come to ocean work, there, I think, torpedo 
boats (except those capable of being carried at davits) stop. You may 
have huge torpedo vessels at enormous expense, and in my opinion there 
is no reason whatever why we should not build torpedo vessels to go 30 
or 40 knots. I believe it is possible ; but none exist, and I think this is 
beyond the scope of the torpedo boat I believe we shall not find it 
practicable to have attached to the fleet independent sea-going torpedo- 
boats of small size. They will not be able to take care of themselves. 
If they should expend their coal (and it is reasonable to suppose that 
that might happen) they would be totally unfit to encounter a gale. 
Without coal they would lie broadside to the sea ; they would be rolled 
over in all probability by the first very heavy sea that struck them. 
There was one point to which Mr. Yarrow adverted, as to the advantage 
of attacking end on and retiring end on, and he alluded to single screws 
and twin screws, and said, what is very well known, that with the single 
screw you cannot go astern without losing your line of direction and 
turning to one side or the other. Well, gentlemen, the only plan that 
I have seen suitable for torpedo boats is that of Mr. John Samuel 
White's, that of cutting away the dead-wood. You are very likely 
familiar with that plan, which includes the addition of a balanced rud- 
der before the propeller. You can steer the boat going astern just as 
well as an ordinary boat going ahead. Her powers of turning are mar- 
velous. Dead-wood, as you are all aware, is a contrivance for making 
sailing vessels weatherly. The moment we come to steamers, dead- 
wood is immaterial. Those who have not seen experiments with boats 
without dead-wood would be astonished at their turning powers and 
steering power going astern, elements which are, above all, requisite for 
torpedo-boats. 

Mr. H. Morgan. My lord, I had had an idea of rising in the early 
part of this discussion to say that I thought M. Kormand was a little 
too sanguine — I may say a good deal too sanguine — as to the possible 
power of these torpedo-boats, but my friend Mr. Samuda got up and said 
that as well as I could say it, and I may say he said it so very well that 
now I am going altogether on the opposite tack. I think, on the other 
hand, that Mr. Samuda has rather underrated, perhaps, the possible 
performances of boats of this sort, and he has been followed in that idea 
by Vice- Admiral de Horsey, both of whom are admirable judges of what 
might be done. In the outset I would make this little correction. Mr. 
Samuda and Vice- Admiral de Horsey spoke of boats of 50 tons' displace- 
ment. M. Normand speaks of boats of from 60 to 80 tons. We must 
allow him the credit of his upper limit — 80 tons' displacement — which 
would probably correspond to a boat some 130 feet long. I have had to 
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think a great deal aboat the possible uses of such boats, and am respon- 
sible for haviug recommended the buildiug of such boats. I am sorry 
we have not reached the point of having such boats in the Euglish 
navy. While, on the other hand, in support of the view I am putting 
forward, I may quote the fact that such boats are possessed by almost 
every other country, and I believe I am right in supposing that they are 
possessed by those countries with the idea that they would do certain 
work at sea. I may now refer to an event of which we are all very 
proud, and which has been referred to you by your lordship and other 
speakers, viz, the bombardment of the forts of Alexandria. If the 
Egyptians had possessed a few torpedo-boats, that bombardment could 
not have taken place. You may say it could have been prevented by 
small torpedo-boats. So it could by boats like our second-class boats ; 
but suppose the Egyptians had possessed boats of 50 to 80 tons' dis- 
placement, which could have followed our fleet some miles to sea, and 
which need not have cared about encountering some amount of rough 
weather, and could have remained at sea some time, I am sure in that 
case our fleet would have found it rather difficult to remain off Alexan- 
dria at all. Take another illustration. Suppose that an enemy's fleet 
were coming across the Channel in tolerably fine weather to attack 
Portsmouth — or rather, what would first happen, of course, to attack 
our fleet. If that fleet were accompanied by twenty or thirty or fifty, 
or you may say one hundred, boats of 50 or 80 tons' displacement, then, 
I say, the power of that fleet would be most enormously increased against 
the power of our fleet, supposing our fleet had not those vessels. I am 
speaking now, of course, of possible occurrences in the English Channel 
and in moderate weather. I know, as Vice- Admiral de Horsey says, 
that for different services you want different sizes of boats. We have 
our little second-class boats, which are carried in ships, and which can 
be put out whenever there is a chance, whenever the weather and other 
circumstances are favorable, which could operate, for instance,' in any 
inland waters, the Black Sea, and so on, and which conld follow an 
enemy's ships into their own ports if necessary. Then we have our first- 
class boats, which are intended to operate from the port — which might 
defend Portsmouth, Liverpool, Malta, Gibraltar, or any other such 
places as those. But I do think if you go a little further and improve 
the boats in the way they have been improved, in part by Mr. Yarrow 
and Mr. Thornycroft, that such boats would be found to be very power- 
ful in co-operation with the fleet. Vice- Admiral de Horsey mentioned 
that these boats could only steam for six hours ; but that is at full 
speed. These boats can go 1,000 knots at half speed. If boats were 
hovering about the Channel or anywhere else for an enemy's fleet, they 
could remain a very long time, because they would not want to steam 
very fast, and they could just go fast enough to take care of themselves 
in the sea. Vice- Admiral de Horsey has referred to the very excellent 
plan recently introduced by Mr. John Samuel White. I have the pleas- 
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ure of knowing something about that plan, having been consulted by 
Mr. White about it from the beginning, and I have been in several of 
Mr. White's boats. 1 will not say any more about it, because Mr. White, 
while he could not be brought up to the scratch to read a paper here 
this time, will, I hope, read one next time. I will only say, in conclu- 
sion, that that plan adds very much indeed to the power of torpedo 
boats, and very likely it will be applied to larger ships as well. 

Mr. W. H. White. My lord, I do not propose entering into discus- 
sions on the general policy of naval construction, but I think there are 
two passages in M. Normand's paper which, injustice to him, ought to 
be kept in view. I suppose we are all agreed that vessels of various 
sizes are wanted for different purposes, and Mr. Samuda would not de- 
spise these large torpedo boats. If they were in possession of the coun- 
try there would be a use for them. 

Mr. Samuda. Undoubtedly. . 

Mr. W. H. White. Mr. Samuda's view, as I understand it, is that we 
should, as a matter of policy in spending, not stand at the money, but 
build vessels that could do this work and more. So far, I think, there 
can be no question about it 5 but M. Normand evidently had chiefly in 
view the use of this type of vessel within narrow limits of service. 
He did not quite conceive their going into the middle of the ocean, and 
waiting for an indefinite time to intercept a fleet belonging to the enemy. 
His examples are chiefly chosen, you will see, from service in narrow 
waters and inclosed seas. As a matter of fact (Mr. Yarrow will correct 
me if I am wrong), I believe that with the rig of which we see an ex- 
ample in the model on the table these boats are almost self-supporting 
under sail. 

Mr. Yarrow. Yes. 

Mr. W. H. White. So that the difficulty which Vice-Admiral de Hor- 
sey ielt as to the use of coal when waiting is one which could be got 
over. Another point I should like to refer to is this : These boats are 
practically unsinkable and uncapsizable, and the variation in stability 
produced by burning coal to which Vice-Admiral de Horsey referred 
might, of course, be got over, supposing them to be capable of proceed- 
ing under sail, by water ballast. These are points of detail, but they 
must be considered in order to do justice, as 1 know we shall all wish to 
do, to M. Normand^s advocacy of this particular type as adapted for 
certain uses. The second matter to which I should like to draw atten- 
tion is at the bottom of the first page in this paper. Ko allusion has 
been made to it, but I think it is of the highest importance. M. Nor- 
mand'says, in the last sentence, that the torpedo-boat "must be armed 
with small guns, and especially revolving guns." I think that is the 
key of the whole position. These boats may be successful against large 
ships. That is conceivable. They have not been so yet when they have 
been tried, but they may get a lucky slant and succeed ; but they will 
be kept off, if they are kept off at all, by similar boats 5 that is to say, 
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a torpedo-boat oaght to have a powerful machine-gan armament to meet 
other torpedo boats. To fire a Whitehead torpedo at a rival Uyrpedo- 
boat would be rather a risky and certainly an expensive way of destroy- 
ing a tronblesome foe. If M. IS'ormand were here^ I feel confident he 
would be very happy to give the infonnation justifying his claim to 
economy of coal consumption. The figures are, as Mr. Yarrow says, 
very striking, and I think when he knows — ^1 will not say the doubt, 
but the hesitation that has been felt about them — ^he will be very happy 
to try and justify them as they stand. 

The President. Gentlemen, it only remains, as nobody else rises, 
for me on your behalf to convey to M. Normand our thanks for his 
paper, and our great regret at his absence and his consequent inability 
to be here to explain bis paper. You observe, gentlemen, the enormous 
value of your institution in reference to this and similar papers furnished 
to us by our foreign members as a means of intercommunication of ideas, 
not only here in England but in all foreign countries. I do not think 
we can appreciate too highly the value of that intercommunication of 
ideas. They have a good deal to tell us ; we have possibly a good deal 
to tell them. Were it not for this institution I do not know what means 
there would be of that ready intercommunication of ideas, without riv- 
alry, and in tones of perfect friendship, merely carried on in the inter- 
ests of science and progress in ship-building. I think you will agree 
with me that you should look at this question as highly in that light as 
I do. I am sure you will allow me, gentlemen, to convey to M. Nor- 
mand our thanks for his very admirable paper. 



The following letter relating to the discussion on his paper has been 
received from M. l^ormand : , 

Havre, June 5, 1883. 
Dear Sir: In answer to your letter of the let instant, I regret that I do not feel at 
liberty, without the sanction of the French Government, to publish the drawings of 
the boiler of No. 60 torpedo boat. 

1 have heard from friends of mine that the accuracy of the economical performance 
of the boat was challenged at the meeting, which I regret exceedingly having been 
unable to attend. The data given in my paper were taken from the ojfficial report, 
and Messrs. Thorny croft and Yarrow know themselves with what care these reports 
are drawn. 

I may add that the relatively very small consumption of coals in my torpedo boats 
is not, in my opinion, exclusively due to the boilers. 
I remain, dear sir, yours, very sincerely, 

J. A. NORMAND. 
Groroe Holmes, Esq., 

Secretary to the Institution of Naval Architects London. 



IX. 

SOME EXPERIMENTS TO TEST THE RESISTANCE OF A FIRST- 
CLASS TORPEDO-BOAT. 

By A. F. Yarrow, Esq., Member, 

[Read at the twenty-fourth session of the Institution of Naval Architects, March 15, 
1883 ; the Right Hon. the Earl of Ravensworth, president, in the chair.] 



The object of tlie present paper is to give a brief description of some 
experiments which we recently tried, to ascertain in a first-class torpedo- 
boat, propelled by various speeds, the indicated power of the engines, 
and the thrust on the shaft when steaming in the usual way; also the 
power required to tow the boat. 

The boat upon which the experiments were tried was 100 feet in 
length, by 12 feet 6 inch beam, having a displacement of 40 tons, and 
for the purpose of towing it at aJ9 high a speed as possible we used another 
torpedo-boat somewhat larger, of about 50 tous'^displacement. 

The first set of experiments were to ascertaiu[the indicated power for 
various speeds. The indicators used were of Mr. Darke's latest pattern. 
The engines were of the ordinary direct-acting^inverted surface-con- 
densing type, having cylinders 12J inches and 21^ inches by 16-inch 
stroke, capable of making, at 120 pounds;per square inch, 480 revolu- 
tions per minute, giving a speed of twenty-two and a half knots. 

The curve obtained is shown by the line "I" Diagram A (Plate I), 
which has been arrived at by numerous observations. 

How far diagrams obtained in the usual way with exceptionally high- 
speed engines may be relied on to represent exactly what passes in the 
cylinders, is no doubt a matter for consideration. 

The next set of experiments was to ascertain the thrust on the shaft 
at various speeds. For this purpose we designed a dynamometer, which 
is simply a modification of Mr. Duckham's weighing machine. Its 
exact nature will be clear from Diagrams B (Plate I). There are two hy- 
draulic rams of a diameter giving, collectively, exactly 6 square inches. 
The two ram cylinders were securely bolted to the bed-plate of the en- 
gine, one on each side of the aftermost main bearing, and the rams 
were secured to the thrust block, which is generally be Ited down to a 
bearer in the boat, but which in this instance was left quite loose, and 
allowed to move freely in a forward and aft direction. It was prevented 
from revolving by means of two stays about 7 feet long, secured at their 
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upper ends to the deck. It will be clearly seen that, with this arrange- 
ment, immediately there is a thrust on the shaft the thrust block would 
move bodily forward, pressing the rams into the cylinders. Copper 
pipes were led from these cylinders to pumps and to pressure gauges 
fixed in the after cabin, where they could be conveniently observed. 
As the rams were exactly 6 square inches in area, and as we could read 
off on the gauges the exa<5t pressure per square inch, it was a very sim- 
ple matter to arrive at the total amount of the thrust. 

We had three pressure gauges, for the sake of comparison, and we 
used three pumps, two of them being ordinary vertical reciprocating * 
hand pumps, and the other a ram worked by means of a screw. The 
vertical hand pumps answered the purpose very well for pumping the 
ram cylinders full of oil in the first instance, but owing to their inter- 
mittent action they were unsuitable for use while any records were being 
taken. 

The pump having its ram worked by a screw we found, by its steady and 
uniform motion to answer well, giving us the utmost pressure required 
without difficulty. On first testing the apparatus we found the press- 
ure gauges vibrated very considerably, too much so for a correct read- 
ing to be obtained, which we believe was due to the unequal strains on 
the shaft during each revolution. To obviate this, a large air vessel was 
placed on the pipe uniting the rams with the pressure gauges. The 
greatest thrust on the shaft obtained was 4,080 pounds at 15.735 knots. 

The coupling between the thrust shaft and the crank shafts was of the 
usual type, steel bolts being secured in the one coupling, passing loosely 
through holes bored.out in the other. Consequently, when the thrust 
came on the shaft and it moved forward, the amount of pressure regis- 
tered on the rams would be equal to the thrust on the shaft, minus the 
friction due to these bolts sliding through the holes and the friction of 
the rams themselves. Then by working the pump and forcing the stern 
shaft in a stern ward direction, the'pressure obtained on the rams would 
be equal to the thrust plus the friction on the bolts and the rams. 

We took the mean between these as representing the thrust, and to 
be as accurate as possible several pairs of these observations were made 
at each speed, and the mean of them taken as a fair estimate of the 
actual thrust. The corresponding horse-powers obtained by multiplying 
the thrust into the speed of the boat divided by 33,000 gives the curve 
shown by the Jine^ 2." 

The shaft not being quite horizontal, the thrust obtained in this way 
clearly does not correctly^represent the horizontal pressure. Eesolving 
the inclined thrust in a vertical and horizontal direction, we find the 
difference between the total pressure in the direction of the shaft and 
the horizontal pressures — i, e., for purposes of propulsion the loss due to 
the inclinations — as represented by a quarter to three-eighths per cent, 
only for speeds within the limits^under consideration. 

We next proceeded to tow the boat upon which these experiments were 
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tried by another boat, as explained. For this purpose we used the same 
dynamometer, modified to suit, and adopted the same system of obtain- 
ing the pull as we had previously in obtaining the thrust, so that any 
errors due to the dynamometer itself should be common to both sets of 
experiments. The exact arrangement of the gear is shown by Diagram 
C (Plate I). The dynamometer was secured on the deck of the hauled 
boat, the rope passing direct from it over a pulley at the bow to the 
towing boat. The towing experiments were limited to 14.97 knots, 
which was the utmost speed we could maintain continuously. 

The length of the tow line we used varied, the mean length being 450 
feet, which we believed to be sufficient to avoid the sternward column 
of water produced by the screw of the towing boat from being percep- 
tibly felt by the towed boat. 

At first we found great difficulty in getting anything reliable, as the 
wave due to the towing boat materially influenced the result. To meet 
this we tried a number of experiments at as nearly as possible the same 
speed, varying the lengths of tow-line, so that in some cases the waves 
formed should retard, and in others help, the boat, taking the mean of 
them to represent fairly the correct result, which is shown by the line 

In these last experiments the screw of the towed boat was removed. 

1 would mention that, through the courtesy of Mr. Barnaby, some 
model experiments were carried out by Mr. Froude upon a very similar 
boat, haviug the same displacement as the one upon which we made 
the foregoing trials. These experiments extended from speeds corre- 
sponding to 11.7 up to 23.6 knots. 

Although we do not presume that our experiments were conducted 
with the same care and accuracy as done by Mr. Froude, still it is in- 
teresting to note that at those speeds common to both Mr. Fronde's 
trials and ours, Mr. Fronde's resistances were less than ours by about 3 
per cent. 

As the form of the stern of these boats and the position of. the pro- 
peller with reference to the stern are elements greatly influencing the 
results obtained, I thought a model would better explain these than any 
design, and therefore beg reference to the model on the table for illus- 
trating these points. 



DISCUSSION. 



Mr. R. E. Froude. My lord, I should be sorry to let this paper 
pass without saying a few words in recognition of the extreme impor- 
tance of these experiments of Mr. Yarrow with reference to the inquiry 
which the Admiralty are conducting at Torquay under my superintend- 
ei\ce. The work which we have there to do is to test the resistances of 
a variety of models, and from those resistances to calculate as best we 
2872->No. 16 10 
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can what will be the resistances of the correspoiidiug ships. The laws 
on which that calculation is based rest on an extremely strong theoret- 
ical foundation as regards the main elements of resistance, but there 
are undoubtedly some elements of resistance as to which we feel some 
uncertainty, and therefore any experiments on the actual resistances 
of full-sized ships, even of full-sized torpedo-boats, are of extreme 
value. Such experiments were made, as most of the members of this 
institution will remember, on the resistance of the Greyhound and ex- 
periments on the model of the Greyhound were also made at the estab- 
lishment at Torquay, and the results yielded by the model calculations 
and those of the actual ship agreed very well. But the phenomenon of 
a boat proceeding through the water at such a very high speed com- 
pared to its length as a torpedo-boat is of an exceptional character. 
It is a totally different kind of operation to the phenomenon attending 
the passage of a vessel through the water at the speeds which full-sized 
ships attain. Therefore, an experiment on the resistance of an actual 
torpedo-boat is of extreme value, and the more so because the results 
of the experiments which we have made on models of torpedo-boats 
assign resistances to the full-sized torpedo boats, which were certainly 
large compared with the indicated horse-power which is given by trials 
on the boats themselves. The theoretical horse-power due to the resist- 
ance of the boat multiplied into the speed, as calculated from our model 
experiments, compared to the indicated horse-power on the trial, does 
not allow margin enough for the inevitable losses in the action of the 
screw and engines. ' Therefore it seems either that our resistances, as 
calculated for the full-sized torpedo-boats, must be in excess, or that 
the indicated horse-power is underrated, which I certainly think is pos- 
sible, considering the enormous number of revolutions per minute at 
which the engines run. Mr. Yarrow states that the actual resistance 
of the torpedo-boat that he tried was 3 per cent, greater than the resist- 
ance calculated from the model experiment ; therefore that sets my 
mind quite at ease upon that point. I think it is evident that that is 
an exceedingly good agreement; I should have hardly expected that 
we should be able to calculate the absolute resistances as correctly as 
that. I have only just had an opportunity of seeing the paper, and 
therefore I have not been able to give suflBcient consideration to the 
method of experiments which Mr. Yarrow has adopted to be in a posi- 
tion to criticise it, but as far I can see it is extremely ingenious and 
perfectly well adapted to the purpose. I am very glad in particular to 
see that Mr. Yarrow has " spotted'' (if I may use such a word) the dif- 
ficulty attendant on the waves following the towing boat. It has been 
proposed by the Admiralty to make some experiments on a torpedo- 
boat of this kind, though we have not had an opportunity of doing it 
yet, and in considering how the experiments were to be made the very 
same difficulty had occurred to me, and I intended to meet it in the 
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same way as Mr. Yarrow has done, by trying experiments at the same 
speeds with various lengths of tow-rope. 

Sir Edward Reed. My lord, I should like to ask Mr. Yarrow what 
determines the point of connection of the tow-rope with the vessel. We 
all know that in towing, the manner in which you take hold of the 
towed ship is of very great importance as regards resistance, and I 
should like to ascertain how he knows, when taking hold of the vessel, 
that the vessel would be towed in proper trim and would offer the nor- 
mal resistance. I suppose he took steps, perhaps by tentative experi- 
ment, to ascertain where to take hold of her, but I should like to know 
whether, he did, and how it was that he fixed upon the spot that he 
chose for making the attachment, and whether he made any observa- 
tions for the purpose of showing what trim the vessel was being towed 
in as compared with the trim and other conditions when she was being 
steamed with her own power. That is the only point that occurs to me 
as requiring some additional information, and that only for the purpose 
of illustrating the more or less nearness of the theoretical with the 
practical result, and the errors that might enter into it. I am not in a 
position to form any judgment upon the mode of taking the thrust, but 
I am really unable to see any defect in it. The method of taking the 
thrust by means of those cylinders seems* to me to be perfect. I think 
we owe very much to Mr. Yarrow for having made these experiments 
and communicated them, because, as Mr. Froude said, they lie quite 
outside any former experience. In the experiments with the Greyhound 
the proportion between the size of the ship and its speed was so totally 
dissimilar to what it is in this case that the production of such infor- 
mation throws altogether a novel light upon the question of resistance. 
I had rather hoped to hear from Mr. Froude some remarks as to the re- 
lation of these experiments to his own ; I did not gather that he said 
much about them; but as his experiments went to much higher speeds 
than those of Mr. Yarrow in this case, one would like to know how 
they compare, and whether he found them fit in as Mr. Yarrow supposed 
they did. It is not clear to me whether Mr. Yarrow had the infoi*ma- 
tion about Mr. Fronde's trial with sufficient accuracy. 

Mr. Yarrow. Oh, yes. 

Sir Edward Eeed. I understand that point is clear. Then Mr. 
Froude has no further light to throw upon this important question at 
the higher rates of speed. 

Mr. R. E. Froude. I should like to say one word in explanation. 
Mr. Yarrow's curves of resistance did not go above a certain speed ; 
therefore we cannot make a comparison between that resistance and 
the resistances calculated from the model. I do not see how we can 
make a comparison at any higher speeds. We have the resistances of 
the model, but we have not the resistance of the ship to correspond. 

Mr. W. H. White. My lord, I have had an opportunity, through 
Mr. Yarrow's kindness, of seeing what was much more interesting even 
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than the diagram, namely, the whole of the apparatus itself, mounted 
and in working order, and I should like to say that, having looked 
through the apparatus carefully, I think, so far as the dynamometrioal 
arrangements go, they were excellent, and the result of the experiments 
which were made to eliminate the internal friction, and so on, may be 
considered as trustworthy. I think Mr^ Froude named all the principal 
points in which these experiments are of great value. It is the second 
large-scale experiment that has been made, and the only one where 
dynamometrioal comparisons have been possible between the vessel and 
the model, and although we have every reason to be satisfied with model 
experiments as guiding us in the largest power required to drive a full- 
sized ship at a given speed, there is one element on which we want 
much more extended information, and in which only large-scale experi- 
ments can be trusted, viz, the ratio of the effective to the indicated 
horse-power. What Mr. Froude says is most important. I think its 
value will be appreciated by members when they come to read this 
paper, and refer back to the papers contributed by the late Mr. Froude 
to our Transactions, on the ratio of effective to indicated horse-power. 
Here we have a case, as is obvious from a glance at the diagram, where 
the ratio of effective to indicated horse-power is exceedingly high. And 
we have more : Mr. Yarrow has given us not merely the tow-rope resist- 
ance, as far as he could ascertain it, of the vessel, but he has also given 
us a second curve, which really includes the augmentation — a point to 
which Mr. Froude did not allude, but which was in his mind ; that is to 
say, taking the curve ** 3" in the diagram, you have the force required 
to tow the vessel ; taking the curve " 2,'' you have the thrust delivered 
on the screw-shaft ; the difference between the two shows clearly what 
the screw is doing in augmenting resistance. And in that respect, I 
think, if gentlemen when they have the opportunity will come and look 
at this model, they will see that Mr. Yarrow took a great deal of pains 
to make the difference between the curves " 2" and "3 ^ as little as pos- 
sible, and that it has had a very excellent effect in some of these marvel- 
ous results he has attained in the steam trials of torpedo-boats. When 
we compare the ratio of the ordinates of these two curves, remembering 
that the late Mr. Froude estimated that the difference between the two 
was 40 per cent, in the Greyhound, those two things, set side by side, 
indicate what a remarkable gain there is, owing, as Mr. Yarrow well 
said, to the shape of the stern and the position of the screw. I did hope 
that we should have anticipated Mr. Yarrow — I am speaking now, if I 
may say so still, as an Admiralty officer — and have towed torpedo-boats 
up to the maximum speeds at which they could steam, and have ob- 
tained the information in that way, I hope that will be done, and then 
the information which Sir Edward Eeed very properly asked for will be 
available. Of course it is quite evident that there may be a very con- 
sideiable deviation in the ratio of effective to indicated horse-power 
between what you have when you get to the higher parts of the curve 
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and what is indicated within the speeds of these experiments. It was 
with the greatest difficulty that Mr. Yarrow could be induced to believe 
that the facts which he has put before us, and which, I think, are so 
full of value and instruction, would be sufficiently valuable to put into 
a paper. I can only say that I fancy I have done some little service to 
the institution in convincing Mr. Yarrow that his modesty was alto- 
gether misplaced. 

Mr. C. Hall. My lord, I should like to ask this question of Mr. Yar- 
row: Whether his experiment was made in a tideway or in absolutely 
still water, or whether there was any possibility of disturbance from the 
tideway ! This may perhaps have been explained already, but having 
come in during the reading of the paper I have not heard it all. It is 
a fact well known to every one who has made trials on the Thames, or 
indeed on anj^ stream, that if the current or tideway is ever so small it 
will always make a considerable difference in the result, inasmuch as 
you have the tide helping you for a short time, while it retards you in 
returning for a long time. Possibly this may be the explanation of the 
small difference of 3 per cent, between the results as found on the actual 
tx)rpedo-boat and the results from the models at Torquay. As I said 
before, it may be that my inquiries are unnecessary 5 all this may be 
explained in the paper; but, as I have not read the paper, I cannot tell 
whether it is there or not. In a trial of this* kind it would seem to me 
to be an important point, and it is worth while, therefore, to ask the 
question. 

Mr. Yarrow. My lord, Mr. Froude mentioned that the difference 
between the net resistance of the boat and the indicated horse-power 
did not appear to him to leave a sufficient margin. I fully agree with 
Mr. Froude ; they do not apparently leave sufficient margin. All we 
have done in collecting these particulars of resistance is simply to de- 
scribe the experiments, and Mr. Froude will notice that I have thrown 
doubts over the reliability of indicated diagrams taken at these high 
speeds. One reason why I do so is this : If we were to take a large 
diagram at a very high speed, say two or three inches high, we should 
find the diagram very unreliable. Therefore, I think we may assume 
that those sources of error, owing to the long stroke of the diagram, 
would more or less arise in the small diagram, although, of course, 
not to the same extent. Therefore, on these points I quite agree with 
Mr. Froude, and do not believe altogether in diagrams taken at these 
very high speeds; but at present it appears we have no other means 
of dealing with the subject. Another reason is, that if we compare 
engines with a short stroke, making a great number of revolutions, 
and apparently using about the same amount of steam, with a long- 
stroke engine, we do not find the diagrams agree. That rather confirms 
the opinion that diagrams at very excessive speeds are not to be relied 
upon, and I think, as a rule, those diagrams indicate less than they 
ought, which would fall in with what Mr. Froude says. As far as the 
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accaracy of these curves is concerned, whether they are accurate or not 
I cannot say; I have simply described the experiments; but I believe 
the line showing the thrust is more to be relied upon than any other, 
because everything went on very straightforwardly with these trials, and 
the whole affair was very simple, and in repeating the experiments two 
or three times we did not find the discrepancies that we did with the 
other trials. I will now allude to what Mr. Uall said about the boats 
being tried in still water. All these trials were conducted on calm days, 
but we had the tide to contend with. They were made at Long Reach. 
To endeavor to obliterate anj' errors that might arise with regard to the 
tide being favorable or unfavorable, what we did was this : We started 
with very low speeds and gradually worke<l up to very high speeds, and 
then we reversed the order of things; and on another day we started 
with a high speed — the same state of tide — and worked down to low 
speeds. This would tend to avoid errors which might be due to circum- 
stances beyond our control, and which, I think, will meet the case Mr. 
Hall puts. Touching Sir Edward Reed's remarks about the position of 
the point of towing, I do not quite understand why, if we tow either at 
one point or at another, it should make any but a very trifling difference ; 
consequently we towed from the point which was convenient to us, as 
shown on Fig. C, Plate I. Of course, whether that is a good point or a 
reliable point to tow from I do not know. I simply describe the experi- 
ments. Sir Edward Reed asked a question touching the trim of tbe 
boat. Now, the trim of the boat, when towed or when propelled, in all 
cases was the same when at rest; the trim was the same prior to being 
towed at 15 knots or propelled at 15 knots ; but I cannot say whether 
there was any alteration in the inclination of the boat when moving at 
these speeds. We did not try anything to test that. I think, gentle- . 
men, that is all I have to say, except to thank you for the kind way in 
which you have received my paper. 

The President. Gentlemen, I am sure you will allow me to convey 
to Mr. Yarrow your united thanks for this very valuable paper. The 
discussion that has ensued upon it has been, of course, very interesting. 
I do not know whether many of you caught the expression that fell 
from my friend, Mr. White, which I will mention. He spoke as an Ad- 
miralty oflScer. You will, I know, all join cordially with me in the feel- 
ing of regret that it is probably the last time that he will address us in 
that capacity — I do not mean during this session, but in future sessions — 
in the capacity of an Admiralty officer. You will regret with me that 
the country is sustaining so heavy a loss in that department, and also 
congratulate cordially my great countryman upon the accession into his 
establishment of so much talent. 
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X, 

A DESCRIPTION OF A METHOD OF INVESTIGATION OF SCREW- 
PROPELLER EFFICIENCY. 

By R. E. Froudk, Associate. 

[Read at the twenty-fourth session of the Institution of Naval Architects, 16th March^ 
1883 ; tne Right Hon. the Earl of Ravenswobth, president, in the chair.] 



The main purpose of this paper is to describe and justify a particular 
method of investigation of the subject of screw-propeller efficiency by 
means of experiments on models. 

The distinguishing characteristic of this method of investigation is 
that it divides the subject into two principal branches, viz : (1) the effi- 
ciency of screws working by themselves in undisturbed water ; and (2) 
the manner in which that efficiency is affected by the screw being brought 
into conjunction with the hull of a ship, in virtue of the interaction of 
the screw and hull We may consider the operations which are the sub- 
jects of these two branches of the investigation as constituent elements 
of the complete phenomenon of projjulsive efficiency, and for distinction 
we may term the former of the two the element of " screw efficiency 
proper," and the latter the element of " hull efficiency." 

It is the latter of these two elements that has been the principal sub- 
ject of investigation in the model screw experiments which have been 
in progress for some time past at Torquay — partly because it happens 
that this branch of investigation is the one which, under present cir- 
cumstances, is most easily pursued with satisfactory results; partly be- 
cause this element is, of the two, affected by the greater variety and 
intricacy of conditions, and is therefore the one most in need of experi- 
mental investigation ; and partly because the relevancy of the results of 
an investigation of the ^' screw-efficiency" element must hinge upon the 
nature of the modifications introduced by the '^ hull-efficiency " element. 
The hull-efficiency element is, therefore, the principal subject of this 
paper. 

^Nevertheless, some investigation of the " screw-efficiency" element 
was, of course, a necessary preliminary to the study of the modifica- 
tions arising from the actions of the hull, and to this extent the former 
subject will also have to be treated in this paper. The knowledge which 
we have as yet acquired on this subject may be said to be confined to 
(1) a tolerably accurate and complete determination (in model screws) 
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of those characteristics of performance which are common to all screws 
of ordinary pattern j (2) a general appreciation of the character of tl^e 
differences in design of screw upon which efficiency depends, the 
amounts of the resulting differences in efficiency being as yet only 
vaguely determined. 

At this point 1 think it desirable to answer a query which may per- 
haps suggest itself in reference to the foregoing, explanation. Why, it 
may be asked, should the investigation be thus divided into two 
branches ! Why, for instance, should not a model of anj" intended 
screw be tried solely behind a model of the ship for which it is intended, 
and the propulsive efficiency in the gross be thus ascertained by a sin- 
gle experiment! Such a question is not an unreasonable one, and lam 
quite prepared to admit that for obtaining such a result, if that were 
all that were desired, this direct method promises on general principles 
to be less laborous and more accurate than the more roundabout method 
of ascertaining first the efficiency of the screw in still water and after- 
wards the modifications due to its conjunction with the hull. 

Of the reasons for nevertheless preferring the roundabout or analyt- 
ical method, as it may be termed, some are incidental to mechanical 
difficulties in the experiments, and will appear as we proceed. Two im- 
portant reasons, however, are based on general principles, and may ad- 
vantageously be stated here. 

In the first place, owing to the relatively excessive frictional resist- 
ances of both hull and screw-blades on a small scale, it is probable that 
the gross propulsive efficiency of model and screw, which is all that 
could be ascertained by the direct method above suggested, would differ 
by an unknown amount from that of the corresponding ship and screw. 
We could not even conclude with confidence that a comparison between 
the gross propulsive efficiencies of any two models would truly repre- 
sent the comparison between those of the corresponding ships. The 
analytical method of investigation affords the only chance of determin- 
ing the. corrections (analogous to " skin-friction correction '' in resist- 
ance) which are necessary in order to make the results of model screw 
experiments truly applicable to full-sized ships. 

Secondly, and waiving the foregoing difficulty, unless in the use we 
propose to make of model experiments we are to be content with proph- 
esying what will be the performance of a moderate number of individual 
intended ships with their intended screws, if in fact we aspire to be in 
a position to decide beforehand, in any case that may arise, what will 
be the best form of screw for a given ship, or what will be the best form 
of ship, taking propulsive efficiency into account, the number of com- 
binations of diff'erent designs of hull and screw which it would be neces- 
sary to try in order to achieve this result on the direct or'* gross" 
method would be altogether prohibitive. The analytical method is of 
advantage here, as it always is where the variety of governing condi- 
tions is great, by systematizing the conclusions and reducing them to 
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rule, and so eDabliug the result of any one of an almost infinite number 
of combinations of conditions to be inferred from the results of actual 
trial of only a moderate number of such combinations. 

The advantages of an analytical system of experiment over one deal- 
ing only with gross results are in fact analogous to the advantages 
which a judicious system of book-keeping under headings possesses by 
comparison with a mere record of total receipts and expenditure, or, 
again, which an algebraical formula for the strength of a given class of 
structure has over a tabulated statement of strengths of actual struct- 
ures of different designs and dimensions. In all these cases alike the 
statement of the facts in a comi)aratively complex and elaborate form 
is a necessary expedient for giving the required variety of information 
within a practicable compass. 

The first step in the analytical investigation of propulsive eflQciency 
is, as already stated, the division of the total eflSciency into the compo- 
nent elements of "screw efficiency" and ''hull efficiency.'' It appears 
convenient to preface the explanation of the constitution of these ele- 
ments by some description of the experimental apparatus employed. 

The screw on which experiment is to be made is mounted (see Fig. 1, 
Plate I) on the forward end of a shaft 3 feet 6 inches long, the bearings 
of which are bracketed down from a frame above the water level, and 
which is driven with miter gearing at its after end by a vertical spindle, 
the top bearing of which is in the above- water frame. This above-water 
frame is mounted on a delicate parallel motion, constraining it vertically 
and transversely, but leaving it perfectly free fore-and-aft- wise; and its 
tendency to fore-and-aft motion, which consists of the forward thrust 
of the screw minus the resistance of the mechanism in the water, is 
measured automatically by means of a spiral spring, recording its ex- 
tension on a revolving paper cylinder. The whole is mounted on a 
truck running on the straight and level railway which extends through- 
out the length of the experimental tank a foot and a half above the 
water surface. The vertical spindle which drives the screw is driven by 
means of cord belts and a system of poly-grooved pulleys by the truck- 
wheels, so that by duly speeding these pulleys any desired proportion 
of rotary speed to linear speed of advance — or, in other words, any de- 
sired linear travel per revolution — can be rigorously assigned to the 
screw. Any desired linear speed can be assigned to the truck by the 
governor of the engine which drives it. The final cord belt which drives 
the spindle passes over a system of delicate levers and pulleys, by which 
the difference in the tension of the two parts of the belt (which is the 
measure of the. turning moment applied to the mechanism) is automat- 
ically recorded on the same cylinder as the fore-and-aft force of the frame. 

When twin screws are used, each screw has its own frame, the two 
frames being mounted, at their proper distance apart, on the same par- 
allel motion, the driving belt passing successively over the sheaves 
on the two vertical spindles, so that the diagram in that case records 
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the sum of the net fore-and-aft forces delivered by, and the sum of the 
two turning moments applied to, the mechanisms of the two screws. 

For eliminating the resistance of the frame- work, &c., to its passage 
through the water from the recorded fore-and-aft force, and the fric- 
tion of the beariugs, &c., of the mechanism from the recorded turning 
moment, so as to* convert these measures into, true thrust delivered 
by, and true turning moment applied to, the screw, various expedients 
are adopted, which space will not admit of my describing here. I should 
state, however, that while there is of course some room for slight inac- 
curacy in both these eliminations, the measure of true thrust is the most 
trustworthy of the two, and may be considered very accurate. That of 
the true tiirning moment appears liable to errors of some importance — 
sometimes of excess and sometimes of defect. The error, however, does 
not often vary suddenly or rapidly, so that comparative turning mo- 
ment results of experiments included within a short interval of time 
may be trusted with more confidence than their absolute results. 

In the experiments the truck carrying the apparatus above described 
is joined to the somewhat similar truck running on the same railway 
which is used for experimenting on the resistances of models, the model 
being for this purpose attached beneath it. When the two trucks are 
joined the model may either be attached in its place or omitted, and the 
screw experiments accordingly made either behind model or in undis- 
turbed water, as desired ; or, again, either the screw may be removed 
from the shaft or the trucks disconnected, so that the model also can 
be tried either alone or with screw working behind. 

The apparatus that carries the screw measures the thrust, speed, turn- 
ing moment, and revolutions per minute; consequently the experiments 
on screw working without model in front determine the element of 
*' screw efficiency ^' proper ; that is to say, they show the power expended 
in performing a given amount of useful work by maintaining a given 
thrust at given speed. The experiments on resistance of model alone 
measure the useful work to be done. The comparison of these records 
with those .yielded by corresponding experiments with model and screw 
in combination show the modifications introduced into the results by 
bringing the model and screw into conjunction, and these modifications 
constitute the "hull efficiency." 

Now, these modifications are two in number, viz, the effect of pres- 
ence of screw upon resistance of model and the effect of presence of 
model upon efficiency of screw. The former effect consists in what has 
been termed the "augmentation" of the resistance of the model by the 
action of the screw, -an effect which is necessa- ily a loss of efficiency, the 
amount of this loss being directly measured by the comparison of the 
resistances of the model with and without screw working behind. 

The second mentioned effect consists in the fact that behind the 
model the screw is working in water in a certain state of motion, and 
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that, in consequence of this motion, to maintain a given thrust at given 
speed behind the model consumes a different amount of driving power 
(in all ordinary cases less) than in undisturbed water. This difference 
in consumption of power is, of course, indicated by the comparison of 
the recorded performances of the screw with and without model ; but 
• this comparison, when pursued in detail, indicates not the amount 
merely, but also the cause of the difference in consumption of power* 
This cause is the forward motion of the wake water in which the screw 
is working, and our experiments prove that, complex and varied as are 
actually the motions of this wake water, the net effect of this state of 
motion upon the screw is practically identical with that which would 
be produced by a mere uniform forward current, the forward speed of 
which, and the saving in driving power due to which, may be measured 
in a very simple and trustworthy manner by the method of experiment 
described. 

To show how this is the case, we must study the matter in greater 
detail, commencing with the performance of screws in undisturbed 
water. 

First, then, let us suppose a set of experiments with the apparatus 
already described, to be made with any given screw without model in 
front, at one linear speed but at various rotary speeds or revolutions 
per minute, ranging, let us suppose, from the revolutions which would 
about give no thrust (and at which, therefore, the screw would nearly 
turn of itself) to about twice that number of revolutions 5 in other 
words, from no slip to about 50 per cent. slip. The apparatus, it has 
been stated, measures revolutions per minute, thrust, and turning mo- 
ment, and the results of the experiments may therefore be represented 
by diagram in the manner shown in Fig. 2 (Plate II), where the thrust 
and turning moment are plotted as ordinates to an abscissa scale of rev- 
olutions per minute. 

We thus obtain curves of thrust and turning moment for a given 
screw at given speed and varying revolutions. Such curves possess the 
following characleristics, which are common to screws of almost every 
design. The thrust and turning-force curves both of course ascend 
with increasing revolutions. They are slightly concave upwards j but, 
nevertheless, do not become even approximately tangential to the base 
line, which, if they are produced far enough, they intersect at an angle: 
such intersection being necessarily at higher revolutions in the thrust 
curve than in the turning-moment cui^ve. 

Now for the measurement of efficiency. At any given number of rev- 
olutions per minute the energy in footpounds consumed per revolution 
in driving the screw is equal to the turning moment in foot-pounds of 
moment multiplied by 2 tt. The energy delivered per revolution by the 
thrust of the screw is the thrust in pounds multiplied by the linear travel 
or advance, per revolution, in feet. The efficiency, therefore, being ratio 
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of energy delivered to energy consumed, is the former divided by the 
latter, namely : 

_thrust X travel per revolution 

"~ turning moment x 2 n ' 
or, which is a more convenient form — 

thrust 

turning moment x-r ^ i— n — 

travel per revolution 

If, then, we multiply all the ordinates of the turning-moment curve 

2 TT 

by the factor , = ,—-. — , we get a new curve, such that the 

travel per revolution 

ratio between its ordinate and the corresponding thrust-curve ordinate 
at any point in the diagram indicates the efficiency at that point. This 
curve is also shown in Fig. 2. 
It will be seen that the effect of multiplying the turning moment by 

*^* ^^*'*'''" travel per revol Ftio^' *« ^^^^P^y ^ «<*''^«'^' ^* ^"^^"^ absolute 
turning moment^ or turning force measured at a unit radius of one foot, 
into turning force measured at a radius whose circumference is equal to 
the linear travel per revolution. The new curve, therefore, represents 
the turning force measured in this manner ; for convenience we may 
term it the curve of " turning force," as opposed to " turning moment.'' 
The "thrust," then, divided by the "turning force" (or turning mo- 

2 TT 

ment x . , , -. — ), measures the efficiency; the ratio of the 

travel per revolution 

ordinates of the thrust and turning-force curves may accordingly be 

measured at successive points in the diagram, and an efficiency-curve 

thereby constructed. Again, see Fig. 2. 

The prominent characteristics of this efficiency curve are common to 
almost all screws. Its ordinate is necessarily zero at the point where 
the thrust is zero, and, like the thrust curve, it intersects the base line 
at an angle. It rises steeply and uniformly at first as the rotary speed 
increases, but'rounds off and becomes gradually level at the point where 
maximum efficiency is obtained, whence it descends again gradually. 
The point of maximum efficiency is consequently somewhat indefinite? 
and it results that a given screw, advancing through water at given 
speed, is almost equally efficient within a large range of thrust value. 

The diagram, or set of curves just described, vii, thrust and turning- 
force curves, and their derivative, the efficiency curve, exhibits com- 
pletely the performance of a given screw at given linear speed of ad- 
vance through water. Similar diagrams may of course be constructed 
for other linear speeds, and this might presumably be done by making 
several sets of experiments at various speeds, if necessary. There is, 
however, a very simple theoretical law for expressing the relation be- 
tween such curves for different speeds, which experiment proves to be 
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very fairly correct, even for the greatest differences of speed that we 
ever have to deal with, and which, for minor differences, may be con- 
sidered as absolutely accurate. This law we will now consider. 

Suppose, then, that we commence with a diagram for a given speed 
=V, and that in this diagram, at revolutions per minute = E, we have 
thrust = T, and turning force = F. Let the speed be now changed to 
Yi. If the revolutions per minute remain = E as before, the travel 
per revolution will be increased, the angles at which the various parts 
of the screw-blades cut the water will be changed, and the conditions 
of operation will be thereby metamorphosed in a manner which will 
defy accurate calculation. If, on the other hand, the revolutions per 
minute are changed in the same proportion as the speed, and become 

XT 

Ei (=E-=1), the travel per revolution remains unchanged, so does the 

slip ratio, and so also do the angles at which all parts of the blades 
cut the water. The stream-line motions involved will consequently 
be unchanged in arrangement, the speeds at all points in the stream- 
line systems being simply changed in the same ratio as the linear speed 
of advance. The directions and relative proportions of all forces act- 
ing on all parts of the screw-blades, whether due to friction or pres. 
sure, will therefore remain unchanged, and their magnitude will be 
simply proportional to the square of the linear speed of advance. The 
items or component forces being alike changed in this ratio, the totals, 
or resultant forces of thrust and turning moment, will be changed in 
the same ratio, and so will also the "turning force," since this is tum- 

2 TT 

ine moment x i i— ^ — » and the travel per revolution re- 

travel per revolution 

mains the same. 

In changing speed V into Vi, then, the original revolutions are mul- 
tiplied by ~ , andthe original thrust and turning force are alike mul- 
tiplied by |X^|*« The efficiency, therefore, which is thrust divided by 

turning force, remains unchanged. 

The law of the relation between the performances of a given screw at 
two different speeds, is, in fact, in one way analogous to the " law of 
comparison,'' which expresses the relation between the resistances of 
ships and models, or similar ships of different sizes. Just as the latter 
assigns a ratio between the respective resistances, at certain respective 
"corresponding" speeds, and only at those speeds, so the former assigns 
a ratio between the respective thrusts and respective turning forces of 
a given screw at different speeds, at certain respective " corresponding " 
revolutions per minute, and only at those revolutions. These " corres- 
ponding " revolutions are proportional to the speed, and give travel per 
revolution constant and slip ratio constant; and at these "correspond- 
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ing'^ revolutions, the thrusts and turning moments are proportional to 
the square of the speed, and the efficiency is constant. 

To illustrate as completely as possible the relations which these prop- 
ositions establish between the diagrams severally expressing the per- 
formance of a given screw at different speeds, I show in Fig. 3 (Plate 
III) a series of thrust, turning force, and efficiency curves for a given 
screw at four different speeds. Ai Ei, A2 E2, &c., are the several 
thrust curves, ai ei, (h e^^ &c., the corresponding turning force curves, 
and aai eei, aa^ ee^^ &c., the corresponding efl^ciency curves. It will be 
seen that the four curves of each kind must be reproductions of one 
another on different scales, the zera of ordinate and absciss8B being 
common to all, the abscissas scales of all being proportional to the speed, 
the ordinate scales of the thrust and turning force curves being propor- 
tional to the square of the speed, and that of the efficiency curves be- 
ing constant. 

It also follows that if any points Bi, Ci, Di, Ei be taken in the thrust 
curve Ai Ei, and corresponding points 61, Ci, di, Ci in the corresponding 
turning force curve, at certain revolutions per minute ; and if points at 
the " corresponding'' revolutions to these— that is to say, at revolutions 
bearing the same ratio to the speed and giving the same slip ratio — ^be 
taken in the thrust and turning force curves of other speeds, as shown 
at B2, O2, D2, E2, and &2» (^t^ ^2, e2, &c. ; and if the successive points of 
equal slip ratio Bi, B2, Bp, B4, 61, 62? h^ ^4i &c., be joined by curves, these 
curves will be parabolas, originating Ht the zero of revolutions. Also, 
if the corresponding points bbi, cci, ddi^ ecij bbzj CC2, dd2j ee%^ &c., be taken 
in the efficiency curves, the successive points 6&1, 662? ^^3» ^b^i &c., will 
fall in a straight and level line. 

To still further complete the conception of the performance of a given 
screw at all speeds, which this diagram affords, we can imagine any ad- 
ditional number of thrust curves introduced so as to fill the whole dia- 
gram with a series of thrust curves corresponding to a series of minute 
gradations of speed. Any number of parabolas similar to Bi, B2, B3, B4 
may be likewise added, and the successive intersections of any one of these 
with the several thrust curves will be points of corresponding revolu- 
tions per minute, of identical travel per revolution, identical slip ratio, 
and identical efficiency. Each of these parabolas is, then, characterized 
by its appropriate efficiency value, which value may be determined by 
noting the ordinate of the efficiency curve for any one speed, at the point 
at which that parabola cuts the thrust curve for that speed ; so that 
since turning force is thrust divided by efficiency, a single efficiency 
curve, in addition to the thrust curves and parabolas, is sufficient, with- 
out any turning force curves, to enable the diagram to show the whole 
performance of the screw at any speed. 

I should here point out that the same train of reasoning also estab- 
lishes a theoretical law for expressing the relation between the per- 
formances of similar screws of different absolute size ; namely, that at 
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the ^' corresponding " revolutions, i. c, the revolutions of identical slip- 
ratio, the efficiency is constant, the thrusts and turning forces being, 
for given linear speed, proportional to the squares of the dimensions. 
Here, however, we are immediately concerned only with the law for the 
same screw at varying speed. 

Having thns prepared the way by a full consideration of the charac- 
teristics of the performance of a screw in undisturbed water, we are in 
a position to determine what its performance will be when working in 
the wake water astern of a model, supposing that wake to consist sim- 
ply of a forward current having the same speed in all parts of it which 
come within the operation of the screw. 

. Supposing the speed of the model through the surrounding water to 
be Y, and its speed through the wake water in which the screw works 
to be Vi (so that the forward speed of the wake water is V — ^Vj), it is 
clear that the screw will be circumstanced precisely as when working 
in undisturbed water at speed Yi. If working at the same revolutions, 
the thrust will be the same, and so also will the turning moment The 
linear travel or advance per revolution will, however, be greater in the 
case of the screw behind the model in proportion as Y is greater than 
Yi, and the " turning force ^ (as measured for efficiency) will therefore 
be less in the same ratio. The thrust being the same, the efficiency of 
the screw working behind model will accordingly be greater than in still 
water in proportion as Y is greater than Yi, and if we call the efficiency 

in the still water =E, the efficiency behind the model will be E x -^— 

Or another way of stating the same result is to say that the screw be- 
ing identically circumstanced relatively to the water it works in, the 
driving power consumed by it in the two cases is the same ; but that 
the work realized is greater behind the model in proportion as Y is 
greater than Yi. 

The measure of the gain in efficiency due to wake is, then, the pro- 
portion between Y and Yi, and at this speed Yi in undisturbed water 
the thrust of the screw is the same for the same revolutions as behind 
model at speed Y. Now, from what we have seen above (see Fig. 3) 
concerning the performance of screws in still water it is obvious that 
a given thrust with given revolutions in still water (a given single 
** spot,'^ in fact, on the diagram shown in Fig. 3), is in a given screw, 
consistent with but one linear speed, and no other. Consequently, just 
as we may say that, given speed of model Y and speed of wake Y — Yi 
the thrust for given revolutions behind model will be that appropriate 
to speed of screw Yi in still water; so we may say, conversely, that given 
speed of model Y, and given the fact that the thrust and revolutions of 
screw working behind model are those appropriate to speed of screw 
Yi in still water, Y — Yi must be the speed of the wake. 

If, therefore, we find that with model speed Y we get a certain thrust 
for certain revolutions with screw \Torking behind it, and that we get 
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the same thrust for the same revolutions in still water at speed Vi, we 

know that the speed of wake must be V — Vi, and that the efficiency of 

the screw when working behind the model must be its efficiency in the 

Y 
still- water experiment multiplied by,=-. The criterion of the speed of 

the wake, therefore, and of the consequent gain in efficiency, is the com- 
parison of the thrust curves given by the experiments behind model and 
in still water. And it should be noticed that in order to determine this 
speed Vi, at which the required relation of thrust and revolutions sub- 
sists, it is not in practice necessary to actually try the screw in still 
water at exactly that speed (which might involve a lengthy process of 
trial and error), because the propositions already detailed concerning 
the relation of the performances of a given screw at different speeds, 
enable the thrust curve for any desired speed in still water to be inferred 
from experiments at a somewhat different speed. 

These propositions concerning the effect of the wake of the model 
upon the performance of the screw would be strictly true if the actual 
wake were, as here assumed, a uniform homogeneous forward moving 
current. They will still be actually true in so far as the motions of the 
actual wake are in effect equivalent to this. Now, our experiments go 
to prove that complex as are the actual motions of the wake water, their 
net effect upon the operations of the screw does not in fact materially 
<|iffer from that of a homogeneous forward current. Let us now consider 
to what this statement amounts. 

What are the facts yielded by the experiments behind model and in 
still water taken together! We have (1) the thrust and revolutions 
of the screw working at speed Y behind model; (2) the thrust and rev- 
olutions, each identical with the foregoing, at speed Yi in still water ; 
(3) the turning moment at the same speed in still water, which we gen- 
erally state in the form of turning force as measured for efficiency. We 
then infer, on the assumption of a uniform wake, that the turning mo- 
ment behind the model will be the same as in still water, and that the 
turning force will therefore be less in the ratio in which Yi is less than 
Y. But we also have recorded by the experiment (4) the actual turn- 
ing moment behind model, which in the same manner we convert into 
turning force ; and the degree of agreement between this actual turning 
moment or turning force (it does not matter in which form the compari- . 
son is made) with that calculated from the experiments in still water is a 
criterion of the sufficiency of the assumption that the disturbance of water 
which we term the " wake" amounts in effect to a mere uniform forward 
current. Now, this comparison has been made in a vast number of ex- 
periments, including a great variety of conditions differing in character 
and amount of wake, and the agreement, though not in all cases quite 
exact, is so nearly exact as almost to be covered by the limits of error 
of the observations. The general direction of this difference, such as it 
is, is the opposite of what one would be at first inclined to expect, since 
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it shows that the actaal tarbulent wake left by the model increases the 
efficiency of the screw more than would the hypothetical uniform wake, 
the efficiency given by the turning force recorded in the ezpenment be- 
hind the model being higher than that calculated from the experiments 
in still water by an amount varying from nil to about 2 per cent, in all 
the various conditions which have been subjected to experiment. I be^ 
lieve the variations, at any rate in the amount of this difference, to be 
due chiefly to inaccuracies in the record. 

I am, therefore, certainly of opinion that although at some future 
day it may prove instructive to study the effect of the turbulence of 
wake upon the efficiency of screws in addition to the effect of its general 
tbrward motion, it is certainly desirable to leave the former element out 
of account until other vastly more important operations have been in- 
vestigated. 

It accordingly amounts to this, that in order, in the case of any in- 
dividual model and screw, to determine the "' hull efficiency,^ or, in other 
woTds, the propulsive efficiency in so far as it is affected by the charac- 
teristics of the hull and is not determinable by experiments in still 
water, the only records we have to make use of are (1) the resistances 
of model with and without screw which give the loss by " augmenta^ 
tion ^ of resistance, and (2) the thrusts of screw with and without model 
which give the gain by ^^ wake." Eecords of turning force behind model 
are not required at all, and although in most of the experiments which 
I have made such records have been taken for the purpose of testing 
the validity of the hypothesis on which the measure of the '* wake ^ gain 
is based, they serve no other purpose. The resistance and thrust records 
above mentioned evaluate the two elements of '^ augmentation " and 
" wake'^ which together constitute the "hull efficiency," and whatever 
further information is required to determine the total propulsive effi- 
ciency can be obtained from experiments with screws alone. 

The experimental investigation of the whole subject of propulsive 
efficiency accordingly divides itself into two sections: (1) Experiments 
on screw thrust and model resistance to determine " hull efficiency,'' 
and (2) experiments on thrust and turning force of screws in still water 
to determine " screw efficiency." I will presently show how this system 
of inquiry is put in practice, and what are the conclusions of practical 
importance it may be made to yield ; but it is first necessary to describe 
rather more fully the form in which the resistance and thrust records 
which determine the hull efficiency present themselves. 

Fig. 4 (Plato lY) is a typical diagram showing the results of a single 
set of such experiments, viz, the complete set necessary for ascertain- 
ing the ^^ augmentation " and " wake" values for a single model with its 
screw, at one speed which we will call V. The set comprises the three 
essential kinds of experiment, viz, (1) experiments on model without 
screw; (2) experiments on model and screw together; (3) experiments 
on screw alone. 

2872— No. 16 11 
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The last two kinds of experiments, namely, those made with screw, 
each comprise several successive experiments at different numbers of 
revolutions per minute. The recorded forces in these are plotted as 
ordinates to a base of revolutions, and the " spots" so given are joined 
by curves. We thus get three curves : (1) the curve of thrust of screw 
behind model ; (2) the curve of corresponding (a-ugmented) resistance 
of model ; (3) the curve of thrust of screw in undisturbed water. The 
ordinate representing the resistance of the model without screw may be 
indicated by a level line drawn across the diagram. 

The experiment being made for the purpose of obtaining the " aug- 
mentation ^ and "wake'' for a particular speed of model, it is essential 
that the experiments involving the model should be made at that speed. 
But there is no necessity that the experiments on the screw without the 
model should be made at any exact speed. For convenience it is desir- 
able that these experiments should be made as nearly as possible at 
the speed Yi, viz, the speed of model minus the speed of wake ; but 
all that is really necessary is that the speed should be sufficiently nearly 
equal to Yi to enable the thrust curve for the speed Yi to be inferred 
by means of the theoretical law of the relation of the thrust curves of 
a given screw at different speeds. 

Now, when experiments such as we are here considering are being 
made, it is generally the case that the curve of resistance of model with* 
out screw at varying speed has already been ascertained 5 not unfre- 
quently, also, the thrust curve of the screw in still water, at a speed 
sufficiently near to Yi, has already been ascertained for other purposes. 
It may be thought that in such cases the special experiments on model 
without screw and screw without model, to compare with those with 
model and screw together, might be dispensed with. But it must be 
remembered that in the experiments we are now considering, we are con- 
cerned with not the absolute values of the resistance of model and thrust 
of screw, so much as with the differences between those values when 
model and screw are separate and when in combination; therefore, in 
view of the slight gradual or occasional changes in resistance of model 
and in thrust curve of screw which are found to arise (mainly, as I 
imagine, from variations in surface-resisting quality), it is desirable 
to make all the experiments concerned in the measurement of the " aug- 
mentation '' and " wake " in any given case, within a short time of each 
other. It is, therefore, generally necessary to take special experiments 
on model without screw, and screw without model, to compare with each 
set on model and screw in combination. 

Let us now examine the character of the curves which exhibit the re- 
sults of these experiments. We will first deal with the results of model 
and screw in combination, which consist of a thrust curve of screw, 
and curve of corresponding resistance of model. The point to be noticed 
here is that as the thrust increases, so also does the augmented resist- 
ance, thus showing that the augmentation is not due to the mere pres- 
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ence of the screw in its position, bnt to the amount of thrust produced, 
the suction exerted in firont of it, which causes the augmentation, being 
the essential counterpart of the sternward ejectment of water, which 
produces the thrust. The augmentation is therefore a function of the 
thrust, and we ought to regard it as essentially a percentage drawback 
or discount from the generated thrust, whereby the thrust available for 
overcoming the natural hull resistance, is less than the thrust actually 
generated. It is therefore better to term it "thrust deduction'' than 
"resistance augmentation," and the term "thrust deduction" has for 
this reason superseded "augmentation" in the notation used in the 
experimental establishment at Torquay. I shall therefore use the term 
"thrust deduction" in the remainder of this paper. The "thrust de- 
duction," then, stated as a factor of the total eflftciency, is the dis- 
counted thrust (or thrust minus augmentation of resistance), divided 
by the total thrust ; or, stated as we more commonly state it, as a per- 
centage, it is the percentage of the total thrust whereby the discounted 
thrust is less than the total, or in other words, the percentage whereby 
the value of the " thrust-deduction " factor is less than unity. 

The absolute amount of the augmentation or "thrust deduction" is 
not, however, exactly proportional to the thrust ; it may be more truly 
described as consisting of two terms, one proportional to the thrust, 
and the other a constant, this constant being the value of a certain 
small amount of " thrust deduction " which is found to exist even when 
the thrust is zero, as indicated by the dotted lines in Fig. 4. The ex- 
planation of this phenomenon lies apparently in the fact that the for« 
ward speed of the wake is not uniform throughout the sectional area 
operated on by the screw, whence it arises that when the slip of the 
screw in reference to the mean speed of the wake is zero, this mean slip 
is the resultant of a positive slip in some parts and a negative slip in 
others, so that in some parts the screw is creating thrust and making 
suction in front of it, and in others is conversely backing water and 
making pressure in front of it. If these regions of diminished and in- 
creased pressure in front of the screw were equally close to the surface 
of the hull, we should expect the consequent resisting and assisting 
forces on the hull to balance one another, and so produce no net effect. 
We know, however, that it is the part of the wake nearest the surface 
of the hull'that must have the greatest forward speed, consequently the 
regions of positive slip, and diminished pressure in front of screw, must 
be nearer the*surface of the hull than the regions of negative slip and 
increased*pressure, so that the former must operate more effectively to 
increase resistance than the latter to diminish it. 

We now come to the consideration of the two thrust curves of the 
screw with and without model. These will more or less closely coincide, 
according to how closely the actual speed of the experiments without 
model, and which we will call U, approximates to the speed V^ or speed 
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of model minus speed of wake. If the two curves coincide, then U= Vj, 

V 

and the wake factor of efficiency =— . If they do not so coincide we 

have to determine the value of Vj by calculation from the known value 
of IT, and this is done by the following construction, which is based on 
the propositions concerning the relation between the thrust curves of a 
given screw at different speeds. 

In the thrust curve behind model (again see Fig. 4), take a point A, 
corresponding to revolutions per minute = E, say. Through this point 
describe a parabola, originating at the zero of revolutions (i. «., such 
that the ordinates vary as the square of the revolutions), continuing it 
80 as to cut the thrust curve of screw without model at the point B cor- 

E 

responding to revolutions = E,, say ; then Yj = TJ — ; the wake factor, 

Ki 

VE, 
consequently = =^. This is the " wake" value for the revolutions cor- 
UE 

responding to the point A ; and in the same manner the wake value for 
revolutions corresponding to any number of other points 0, E, G, &c., 
may be found by describing the parabolas CD, EF, GH, &c. KTow the 
wake is a creation of the model, not of the screw ; there is therefore no 
prima facie reason why the wake should be different for different revo- 
lutions of screw, and we should accordingly expect to find that the thrust 
curves with and without model coincide throughout if at aJl, and if not 
at all, that the revolutions corresponding to the points D, F, H, &c., 
bear severally the same proportions to the revolutions for points G, E^ 
6, &c., as the revolutions for B do to the revolutions for A. As a fact, 
however, this is not always the case ; the thrust curve behind model, in 
the largest class of conditions we have subjected to trial, being some- 
what less steep thaa that which would give the above result, thus indi- 
eating that the wake diminishes slightly with increase of thrust. In 
another (but a smaller) class of conditions the difference is the other 
way, the wake increasing with increase of thrust 

The cause of this result, like that of the variation of thrust deduction 
with' variation of thrust, already referred to, appears to lie in the uoa- 
homogeneity of the wake. This non-homogeneity results in the fact 
that the mean forward speed of the portion of the wake comprised 
within the disk area of the screw often differs from (is generally greater, 
though sometimes less than) the mean forward sx>eed of the zones sur- 
rounding that disk. JSTow, when the screw is working with slip, and ex* 
erting thrust, there can be no question that the supply of water to it 
demands a convergence of streams towards it from without its own disk; 
area, and that the degree of this convergence, and extent of the sur- 
rounding water affected by it, must increase with increasing slip or 
thrust of screw. Consequently, it is evident that the extent of the wake 
dealt with by the screw will be dependent on the thrust, and oonse- 
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quently the value of its mean effective speed will increase or diminish 
as thrust increases, according as the speed of the surrounding zones is 
greater or less than that comprised within the disk area of the screw. 

Thus, although, as was pointed out above, we may advantageously 
assume that the non-uniformity of the wake in no way invalidates the 
measure of the effect of the wake upon the efficiency, which the experi- 
ments afford on the assumption of a uniform wake ; nevertheless, we see 
that this non-uniformity does appreciably affect the general result, by 
causing the values of the 'Hhrust-deduction'' and " wake factors," so 
measured, to vary with variation of thrust in an unexpected manner. 

These values, as obtained at different points in the diagram, may be 
plotted to the revolution values to which they belong, as shown in the 
diagram, thus yielding curve of " wake " and " thrust deduction.'' 

The diagram. Fig. 4, shows also two other curves of force record, viz, 
the curves of *' turning-force ^ of screw with and without model. In de- 
scribing this diagram I have hitherto avoided referring to these, be- 
cause, as already explained, they play no part in the measurement of 
hull efficiency. I have shown them in the diagram, however, because 
thus far these records have almost always been obtained in our experi- 
ments for the purpose, as above stated, of testing the validity of the as- 
sumption that the effect of the actual wake upon the efficiency of the 
screw does not materially differ jfrom that of the hypothetical unitbrm 
wake. An explanation of the way in which this test is applied will per- 
haps be useful, as an additional illustration of the meaning of this as- 
sumption. 

Let us first suppose the speed U of the experiments without model to 
be exactly equal to Vi, so that the two thrust curves exactly coincide. 
Then if the wake were uniform its effect would be to increase the effi- 
ciency given by the recorded performance of the screw in still water by 
multiplying it by the wake ilaotor as found firom the thrust curves, or 
in other words, to diminish the turning force by dividing it by that 
factor. Hence, in so far as our assumption is correct, we should in such 
a case find the ratio of the ordinates of the turning-force curves, as act- 
ually recorded with and without model, to be exactly equal to the wake 
factor. In fact, the thrusts being equal, the turning force behind model 
will be less than that without model, in exactly the reciprocal of the 
ratio in which the efficiency behind model is increased by the wake. 

If, however, as in this diagram, the two thrust curves do not coin- 
cide— t. e.y if speed IT does not equal speed Y — ^the first step is to infer 
from the thrust and turning-force curves without model at speed U, the 
turning forces corresponding, in still water, at speed Vj, to the thrusts 
recorded behind model, which is done thus. At the revolutions for the 
point A in the thrust curve behind model, we know the still- water effi- 
ciency for speed Vi to be equal to that at the point B in the thrust curve 
-Vfithout model at speed TJ, these being points of *^ corresponding" rev- 
olutions or identical slip ratio, and in the same way at the points 0, E, 
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G, &c., the efficiency will be the same as at D, F, H, &c. Consequently 
the still water tuiming forces will severally bear the same ratio to the 
thrusts A, G, E, G, &c., as the ordiuates 6, d^fj h^ of the turning-force 
curve without model do to the thrusts B, D, F, H, &c. We thus obtain 
the ordinates a, o, 6, g^ &c., forming a new curve a c eg of still- water 
turning force to correspond to the thrust curve behind model, and the 
ratio of the ordinates of this curve to those of the actual curve of turn- 
ing force behind model should, as just now pointed out, be equal to the 
value of the wake factor as found from the thrust curves. In this dia- 
gram, which shows the actual result of one of our sets of experiments, 
the agreement happens to be exact. 

As already stated, the agreement is not always so exact, the actual 
turning force behind being less than that inferred from the experiment 
without model, by an amount varying from nil to 2 per cent, of the 
total. I am certainly at present inclined to attribute at any rate the 
fluctuations in this difference to errors in elimination of the friction of 
the mechanism driving the screw. This suggests another point that 
should be noticed before we leave the consideration of these curves. 

Assuming the object of an individual set of experiments such as we 
have been considering to be merely the determination of the total pro- 
pulsive efficiency in the individual combination of model and screw 
with which the experiments were made (and we shall see presently that 
this is, at present at least, never the sole object, and rarely the most 
important object, of such a set of experiments), we see that the results 
provide two alternative methods of measuring this total efficiency, 
which two methods, in the case shown in Fig. 4, give the same result; 
as indeed, if the records are accurate, they are bound to do in so far as 
the assumption in reference to the wake effect is a correct one. One of 
these methods bases the estimate of total efficiency on the efficiency of 
screw behind model as actually recorded; the other on that efficiency 
as calculated by multiplying the recorded efficiency of screw without 
model, by the " wake'' factor found from the thrust curves. 

Now, it was stated that any individual set of experiments taken 
nearly at the same time are occasionally liable to a general error of tan- 
gible amount in the measure of turning force, owing to the difficulty of 
accurately eliminating the friction of the mechanism. To this kind of 
error either of the two above-mentioned methods of estimating the 
total efficiency in any individual case may be equally liable; and of 
the two, the first method, which bases the estimate on the efficiency 
actually recorded behind model, would appear to be preferable, as 
excluding whatever small error may be involved in the assumption 
respecting the effect of "wake." 

But it is generally thecasethat the set of experiments with screw with- 
out model is only one of a large number of similar sets, with the same 
screw (and sometimes with others very similar to it) taken on different 
occasions to compare with experiments either behind other modeli or 
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behind the same model in different positions or at different speeds. 
And although these various still- water experiments have generally been 
made at various speeds, yet by aid of the propositions described they 
can be reduced to a common speed and compared, and thus an average 
carve of efficiency for the screw in still water can be obtained, which is 
mnch better autheuticated (in view of the occasional errors in the meas- 
ure of turning force) than a curve of efficiency given by any individual 
set of experiments. By using the still- water efficiency given by this 
average curve, and multiplying by the wake and thrust-deduction factors, 
a more trustworthy estimate of the total efficiency can be made than 
by merely multiplying the efficiency given by the actual experiment 
behind model by the thrust-deduction factor. 

Hence, what I have above termed the second method, thus modified, 
affords a better measure even of the total efficiency in any individual 
case than the more direct method of using the actual recorded efficiency 
behind model as the basis of calculation. I therefore consider that we 
are fully justified in regarding the measures of turning force taken 
behind models in various cases as useful only as a test of the general 
correctness of the assumption respecting the effect of wake upon effi- 
ciency; and for this purpose they are fairly well adapted, since the two 
records, with and without model, the comparison between which affords 
the test in question, being taken almost at the same time, it is probable 
that whatever error may arise in the turning force measure from the 
inaccurate elimination of the mechanical frictions will be common to 
both. 

We will now consider what are the results of practical importance 
that may be obtained from the kind of experiments that I have been 
describing. 

We have just seen that the element of screw efficiency should be 
obtained, not from the experiments behind model, nor solely from those 
without model taken in connection with them, but from an average 
curve efficiency otherwise obtained. In considering the experiments in 
connection with models, we are, therefore, concerned solely with the 
"hull efficiency,'^ viz, with the "wake" and "thrust-deduction'' factors 
of efficiency. 

We have seen, that these latter generally differ somewhat at different 
points in the diagram, as in Fig. 4. Now, the diagram at the point 
where the curve of thrust behind model intersects the curve of aug- 
mented resistance shows what would be the state of affairs if the model 
were propelling itself. At the higher values of revolutions the condi- 
tion corresponds to that of the model propelling itself against a head 
wind, or if towing another model; or at lower revolutions, to that of the 
model if under sail. Of these conditions, the first mentioned (f e., when 
the thrust = augmented resistance, which, for brevity, we will term the 
condition of T=:AB) appears at first sight the only important one. 
But in considering to what state of affairs in the ship this condition in 
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the model corresponds, we have to remember, that before applying the 
law of comparison of resistances of ships and models to the calculation 
of a ship's resistance from that of her model, a correction has to be 
taken off the model's resistance, on account of the excessive effect of 
skin friction on a small scale. The actual condition of T =: AB in the 
model, therefore, corresponds to the condition in the ship with resist- 
ance enhanced by foul skin. For comparison with the ship in her 
natural state, to take the model condition, not of T = AB, but of thrust 
(as reduced by thrust deduction) equal to resistance as corrected for 
skin friction, would be a step in the right direction, but would not be 
quite right either, because the amount of the wake depends largely 
npon the amount of the skin friction, and so, though we should then 
have the correct thrust to compare with that of the ship, we should 
have the excessive wake due to the excessive skin friction of the model. 

There is, therefore, no condition in which we can consider that the 
model truly represents the condition of the ship with clean surface pro- 
X>elling herself, and in order to put ourselves in a position to estimate 
the efficiency in a ship from experiments on her model, our only re- 
source is to undertake a systematic series of experiments od the wake 
and thrust-deduction in models, aimed at discovering the laws of the 
effect of variation in skin friction resistance upon amount of wake, and 
how far, if at all, such variation in wake affects the thrust-deducti(m 
also. 

A large portion of the experiments upon models and screws which 
have been recently made at the Torquay Establishment have been de- 
voted to this object, and a report to the Admiralty upon the experi- 
ments made thus far is in process of preparation. 

For the relatively excessive skin friction of the screw blades on a 
small scale, a somewhat similar system of correction is also needed be- 
fore we can treat the meajsures of the element of screw efficiency proper, 
yielded by the experiments on model screws, as directly and accurately 
relevant to the performance of full-sized screws. Assuming, however, 
that all these systems of correction have been sufficiently determined, 
or assuming that for the present we consider the measures of efficiency 
of given screws and models yielded by the model experiments, even 
without these corrections, a sufficiently valuable indication of the prob- 
able efficiencies of the corresponding full-sized screw and ships, let us 
now proceed to consider how the system of investigation advocated in 
this paper may be worked to the best advantage for obtaining results of 
practical importance. 

The work, which has generally to be performed by model experiments, 
may be thus described : A design of vessel is required to fulfill certain 
novel conditions, and experiments are thereupon made with models of 
various alternative designs, in order to discover the best design for 
the purpose. The information yielded by such experiments has hith- 
erto been practically limited to the. determination of the relative re- 
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siatances of such designs ; we now purpose, by aid of screw experi- 
ments, to extend the information to the relative propulsive efficiencies. 
But the total propulsive efficiencies of these designs will depend upon 
the design of screw with which they are severally to be fitted ; and 
this is a point which is generally undecided at the time when the de- 
signs are first under consideration, namely, at the time when the model 
experiments are most required. Even if provisionally decided, the de- 
sign of screw is generally, in many important respects, open to subse- 
quent reconsideration. Plainly, then, the model experiments should de- 
termine the propulsive efficiencies of the proposed designs, not with 
any particular screw, but with whatever may prove to be the most 
suitable screw for each ; and they should also be capable of determin- 
ing what that most suitable design of screw is. 

Our object must be to obtain this information from the smallest num- 
ber of experiments with each model that will serve the purpose. By 
means of the method of investigation advocated in this paper, and 
with the aid of certain general preliminary investigations, I think the 
requisite information may, in most ordinary cases, be obtained suffi- 
ciently for practical purposes from a single set of experiments in con- 
nection with each model at one speed, such as the sot the results of 
which are shown in Fig. 4. 

The sufficiency of these experiments for the purpose presupposes, in 
the first place, a sufficiently exhaustive general investigation of the 
subject of screw efficiency proper to enable us to determine by calcula- 
tion, without fresh experiments, what will be the efficiency of a screw 
of any given design, dimensions, proportions, &c., when maintaining a 
given thrust at given linear speed of progress through the water it 
works in ; or, again, to enable us to determine the design, proportions, 
&c.y of screw that will maintain given thrust at given linear speed, 
with maximum efficiency. Such an investigation, perhaps, sounds an 
arduous undertaking ; it is not, however, so formidable as may at first 
appear, if, at any rate, at this preliminary stage the more minute re- 
finements of shape of blade, &c., may be neglected. The ratio of pitch 
to diameter and the number and width of blades are the characteris- 
tics of design on which the screw efficiency proper mainly depends ; 
and considering that we have not practically to deal with screws of 
more than four or less than two blades, and that the practical range of 
variation of pitch ratio and proportionate width of blades is not large, 
the total iiumber of different models of screws which it will be neces- 
sary to try in order to exhaust the subject sufficiently for practical pur- 
poses is not very great. The ground has already been in a great meas- 
ure cleared for such an investigation by the experiments which have 
been incidentally made in still water on various model screws. 

The sufficiency of a single set of experiments at a single speed, for 
the purposes above described, also presupposes some general knowl- 
edge of the laws of hull efficiency in respect of (a) how it is affected by 
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yariations of speed, (b) how it is affected by sach variations in design 
or position of screw as are possible in a given design of hull. The ex- 
periments already referred to, of which a report to the Admiralty is in 
process of preparation, have been in great measure devoted to the in- 
vestigation of these points. The general conclusions deducible from 
this investigation may for present purposes be stated thus : 

(1) The variation of the elements of hull efficiency with variation in 
speed is generally slight, and so far regular in its character that in most 
cases experiments on a model at about the speed corresponding to the 
intended working speed of the ship will be sufficient for i)ractical pur- 
poses. 

(2) Variation of number of blades or pitch ratio of screw does not 
practically affect the values of the hull-efficiency elements. 

(3) On the other hand, variation of diameter of screw, or of its posi- 
tion in reference to the hull, does affect these values, and in a manner 
which we have not thus far been able satisfactorily to reduce to rule. 

The process of determination of the probable propulsive efficiency of 
any intended design of hull will accordingly take the following form : 

Supposing diameter and position of screw to be fixed by circum- 
stances, we have only to make one set of experiments with the model 
with screw (any screw that we may happen to have of the correct 
diameter) in the correct position ; and we shall thus determine the wake 
and thrust deduction factors (and their product, the hull efficiency) for 
the proposed shape of hull and diameter and position of screw. We have 
then to select, by aid of our previously obtained knowledge on the sub- 
ject of screw efficiency proper, the design of screw that will give with 
maximum efficiency the required thrust at a linear speed equal to the 
intended speed of vessel minus the speed of the wake. This will be the 
most suitable design of screw, and the product of its still-water effi- 
ciency under these conditions into the wake and thrust deduction 
factors will give the total efficiency. 

Supposing that there is room for any large variation in diameter or 
position of screw, we should (at present, at least) be doubtless unable 
to dispense with other sets of experiments on model and screw, to in- 
clude the alternative conditions of diameter and position of screw. The 
cases, however, in which the practical conditions of design admit of 
large variations in these particulars do not appear to be numerous. 



DISCUSSION, 



Mr. W. H. White. It would be a very poor compliment to Mr. Fronde 
to pretend that we could possibly discuss such a paper as this after 
hearing it read, even with his personal explanations. I am thankful 
to say that I had some previous acquaintance with the principal points 
raise'd in the paper, and I followed the general drift of the paper as it 
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has been read, but I do not think I could have done that had it not 
been for Mr. Fronde's previous explanations to me. I am sure of this, 
that we have in this paper the beginning of a very large work — that is, 
the beginning so far as practical results go. As Mr. Fronde has shown 
to us, it is really the outcome of a very large work which has been 
going on, and which I believe I am right in saying was begun by the 
late Mr. Froude.* 

Mr. E. B. Fboudb. Certainly. 

Mr. White. Almost one of his last on leaving England. 

Mr. Fboude. I think long before that. 

Mr. White. I meant in this form, with the present improved appa- 
ratus. The investigation has been continud by Mr. R. E. Fronde, and 
amplified in a direction which, I am sure, does honor to him ; for these 
arrangements, which we see here in diagrams, when seen' in fact display 
an amount of ingenuity and care, not merely in their design, but in 
their manipulation, which very few men could possibly give. It is a 
distinguished honor, I think, my lord, to this institution that in Mr. 
Edmund Fronde we to-day have so worthy a successor to his father. As 
regards the value of these inquiries, I think Mr. Fronde will agree with 
me that, before we can give the utmost practical effect to these model 
screw experiments, we want some large-scale experiments, just as in 
the model experiments with ships the late Mr. Fronde was so much re- 
enforced by the large-scale experiments which he made in the Grey- 
hound ; and here, if we can only supplement the model experiments with 
screw experiments which can be trusted — varying their position, their 
forms and types, and revolutions — ^then, what has been often the cause 
of either great disappointment, or, as Mr. John told us last night, not 
extreme satisfaction, but which yet remains a mystery, may be cleared 
up. I may say already that Mr. Fronde has helped us extremely at the 
Admiralty, in many points where there was a doubt, in resolving that 
doubt by means of model screw experiments ; and whenever fine forms 
and high speeds have to be considered, then to be able to make changes 
in a model which could not possibly be made, except at great expense, 
in a ship, must be a source of great economy and of great progresi^ in 
designing. 

Mr. C. Haxx.. I should like to add my meed of praise with reference 
to this paper. I think that what Mr. White has just said is quite to the 
point, and I am convinced that this paper contains the elements of a 
most valuable research with regard to screw-propellers. Mr. Fronde is 
well continuing the efforts of his late father in the direction of explain- 
ing that which the late Professor Eankine began to investigate in 1865, 
viz, the relation of Yi to Y. This question has puzzled every one, but I 
believe that at last we may entertain some hope of solving the problem 
practically. It would be impossible, having had the paper such a short 
time, to discuss it with anything like accuracy ; I can onl^ speak of it 
in terms of praise and admiration. I hope to read it through, and in 
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time to understand it— I confess I do not quite do so at present — ^and 
then I have every anticipation of deriving great profit and instruction 
from it. 

Mr. J. H. Biles. My lord, this paper illustrates, I think, the very 
pressing necessity there is of getting papers of this kind printed at a 
very much earlier period in the year. Perhaps I am as much a defaulter 
as any one in this respect, in the two or three papers* I have had the 
honor to read before this institution, but I would like to make a sug- 
gestion in a practical form : that the council should lay down a rule 
that no paper, from whomsoever it may be received, should be printed 
or circulated or read at the meetings of this institution unless it be in 
the hands of the council at least a clear fortnight before the commence- 
ment of the meetings, and that the papers should be circulated to 
members in order to give them at least some days to read over and to 
thoroughly understand the paper that was to be laid before them. 
There is no doubt this may be a little difficult to carry out, but the 
practical effect of the present regulation is this : if a member of this 
institution promises to give a paper, he knows that he will be quite 
safe if he gets his paper in two or three days before the meetings ; 
consequently, when other engagements which may be more pressing 
present themselves to him, and when he has to decide between these 
two as to which he shall first give his attention, he says the paper for 
the institution need not be in until such and such a time, and, there- 
fore, it must wait ; but if the council of this institution were to make 
it a rule that a paper would not be received if it was after a fortnight 
before these meetings, then the pressing nature of that engagement 
would be equal to, if not greater than, some other great engagement; 
and I think that would have great value in the discussion of these meet- 
ings and the science of naval architecture. I speak in that way because 
I am one of the youngest members of this institution, and presuma- 
bly have to look forward to alonger connection with this institution than 
most of you ; therefore, I am anxious to get that rule made a really 
working rule as soon as possible. This paper, my lord, adds very con- 
siderably to the inducement for private ship-builders to take up this 
question of model experiments. Model experiments at present have 
been few, and though they have been of value, they have not been of 
sufficient value to induce ship-builders to take up the question. We de- 
cided a few years ago to lay down a tank. Circumstances interfered in 
the shape of a fire in the establishment, which disorganized the place 
for some time, and we have not been able to undertake the construction 
of that tank ; and until hearing Mr. Fronde's paper, in giving my opinion 
on the question, I have not been able to advise the firm to undertake 
that large task, for the simple reason that experiments with models 
alone do not cover sufficient of the ground to make them of the value 
that the money laid out would lead one to suppose they would. But 
tbis pai>er of Mr. Froude adds so very largely to the measure of effl- 
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ciency that one can determine by model experiments in relation to steam- 
ship trials, that I think really now the question has become a question 
for more than one ship-builder ; it has become a question for many ship- 
builders ; and, if I may be allowed to make the suggestion, it appears 
to me that it is almost a question now (of course, assuming that Mr. 
Fronde's deduction in this paper are correct) for a body like Lloyd's 
to take up. They have taken up many questions in connection with 
ship^building, and I suppose one may fairly say that they have taken 
them up successfully ; and it appears to me this is one of the questions 
they might take up. Mr. White referred to experiments with large 
screws, but where could you have better experiments with large screws 
than can be had day by day with ships of the mercantile marine, if 
these experiments were properly organized by some body like Lloyd's. 
If Lloyd's were to undertake the determination of the resistance of 
models and the efficiency of screw-propellers, the experiments with full- 
sized propellers could go on day by day. There are sufficient trials 
made to enable one to make in a very short time a number of experi- 
ments, and to obtain the results with but very little extra cost. There- 
fore, I think that this is a subject that might be considered when the 
members of Lloyd's committee have sufficient time at their disposal. I 
may be wrong in proposing it, and perhaps am a little too enthusiastic 
on the subject, but it appears to me, with the appreciation I have — per- 
haps it is too much — ^in favor of this subject, it is one that cannot be 
attended to too soon, because it involves such very large interests, and 
is really too big a question for one ship-buUder. With all respect to 
Messrs. Denny and some of the large ship-builders, their experience in 
connection with steamship trials is, after all, very limited. They only 
tuitn ships out at the rate of about one in the space of two months, 
whereas the mercantile marine of this country turns out at least a ship 
every day, and therefore the opportunities for investigations of this kind 
would be very much increased if the subject were taken up by a body 
like Lloyd'^ committee, and trials were properly organized. GQien, th^ 
paper also shows how very dangerous it is to act upon the results de* 
dnced from experiments which are made upon limited assumptions. 
Kow, two or three years ago the late Mr. Froude read a paper here. It 
was a well-defined paper. On certain assumptions certain, results were 
deduced, but the outcome of it in some respects was this, that many 
people who were connected with carrying out practical work ignored, 
to a large extent, the assumptions, bat adopted the results deduced 
from those assumptions. I think I am within the mairk when I say that 
one of the tendencies of Mr. Fronde's deductions was this, that propel- 
lers were too large and had too much surface. The consequence was 
that a great many people reduced the diameter of propellers and re- 
duced the surface. There have been several lamentable results due to 
this, and therefore it would be well that the profession in general, on 
reading this paper, before commencing to act on the results which may 
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be deduced (I am not quite clear whether there are any results pointed 
to in this), to keep clearly in mind that fact, that, in addition to the re- 
sults deduced, one must be thoroughly familiar with the assumptions' 
on which they are deduced. I have in my mind the case of a ship of 
5,000 tons, with a power of 4,000 indicated horse-power. In order to 
develop the horse-power easily on a small weight of machinery, and 
guided, to some extent, in that resolve by Mr. Fronde's observations, 
the propeller was made some 17 feet in diameter. I think the members 
will agree with me that 17 feet of diameter for a vessel of 4,000 horse-power 
and of 5,000 tons gross, appears to be small. The speed of the ship was 
about 14 knots. The consequence was that that vessel did not attain as 
high a speed as would have been obtained with a larger propeller. The 
result appeared to be a good one,and the owners were quite satisfied; but 
the next ship which followed was a ship of 1,300 tons more displacement. 
She was of the same length, but she had 3 feet more beam, and on trial 
had 3 feet more draught. Her propeller was exactly of the same pitch, 
and about 3 feet more diameter. That is in opposition almost directly to 
the results deducted by Mr. Froude ; and that ship, in spite of her having, 
I think, 1,700 tons more displacement, attained exactly the same speed 
for the same power. The propeller of the second ship was not too small, 
and the mistake which was made in the first case was in assuming that 
a propeller could not be made too small. I wish it to be understood I 
do not wish to detract in the least from the results obtained by Mr. 
Froude, because I have the highest appeciation of them; but what I 
wish to point out is this, that one should not deduce practical and 
direct results from the results which he deduces on certain well-defined 
assumptions unless these actually apply to the particular ships in which 
the results are being tried. Then there is this further question in con- 
nection with that : Mr. Fronde's experiments are always made on the 
assumption of an unlimited amount of power available ; that is to say, 
that the amount of power which he has to drive his screws is unlimited; 
but there is always a point in an actual ship where the powevis limited, 
and that is the safety-valves of the boilers. You cannot increase and 
decrease pitch and determine absolutely the efficiency of a propeller in 
a ship like you can in the case of a model screw, because, although you 
may increase pitch and get greater efficiency, the engines of the ship 
are so formed that they will not take in more steam than the parts will 
admit. The consequence is that, although you may get higher effi- 
ciency as far as the screw-propeller is concerned, you may not be able 
to develop the power which the boiler is able to develop, and, conse- 
quently, that is an element of great practical importance which does 
not enter into the theoretical value of the efficiency of the propeller, 
but which in any question of altering the shape of the propeller, or af- 
fecting the design of a propeller in a new ship, must be taken into con- 
sideration. I must thank Mr. Froude for the very able and clear way 
in which he has placed this paper before us, and I only regret that the 
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members of this institution had not a proper opportunity of thoroughly 
digesting it before the paper was read, in order that they might not only 
have criticised it, but have added in a much higher degree to the praise 
which should be bestowed upon Mr. Froude for his paper. 

Sir Edwabd Beed. My lord, when you put to the meeting the ques- 
tion whether an extension of time should be allowed Mr. Froude, I felt, 
and I believe the meeting also felt, from the vote they gave, that this 
was signally a case in which the author might be allowed greater lati- 
tude, because it could not be expected that the meeting would be able 
to enter into a minute discussion on such a paper. I rather think Mr. 
Biles, in his latter remarks, has been criticising some other paper, not 
the one we have heard read this evening, because this paper is remark- 
ably free from any possible element calculated to mislead any one, and 
is entirely devoid of anything like even a suggestion of proportions, or 
anything whatever as to the means of determining upon the size of 
screws. This paper, so far as the institution and the professional world 
is concerned, although not so far as the results of previous labors are 
concerned, is the commencement, as Mr. White well put it, of a very 
large subject. It seems to me to be the first considerable inroad ii^to 
that desolate region of ignorance which besets our profession. I do 
not know any question in connection with naval architecture in which 
we are so much at fault as with regard to the determination of the screw- 
propeller in relation to the ship 5 and I have myself, at the present time, 
a difficulty with two ships which have been conditionally purchased. I 
am perfectly certain that if I could make a few experiments, wisely re- 
solved upon, 1 could determine some points which with the ships them- 
selves it is almost impossible to determine, because every time you 
make an experiment you spend a couple of hundred pounds, and you 
cannot afford to make expensive and multiplied experiments when you 
have to pay for them in that manner. I wish to be allowed to say a 
word or two in praise of this paper, for this reason. It goes a little 
against the line which Mr. Biles took in the latter part of his remarks, 
but he will not mind that. I was afraid, to tell the truth, when I heard 
Mr. Froude open this paper, looking at it for the first time, that I was 
going to lose myself very soon, l^ecause of the probable fact thatanum- 
ber of conditions and assumptions would begin to enter in which would 
defeat my interest, and make me willing to wait for a very long time 
before being able to turn the results to a practical account, because that 
is the efiect, generally speaking, in connection with experiments bear- 
ing on naval architecture. Kot unfrequently, I may say, with regard to 
calculations aiid theories touching naval architecture, so many assump- 
tions are introduced one after the other that by the time you get to the 
end of them you have lost confidence, and are not willing to go forward 
on those lines. I noticed particularly the manner in which Mr. Froude 
discussed the composition, if one may so call it, of the wake, and the 
thorough recognition which he gave to the practical differences between 
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the assamed wake of a constant stream and the actual wake of a turbu- 
lent stream. His recognition of those differences was so thorough, and 
his references to them so instructive and encouraging, as to the int^- 
rity, if one may so speak, of liis investigation, that I feel peculiar pleas- 
ure with it; and I am satisfied that this paper, after it is on the records 
of the institution, will be a most valuable production; in fact, we have 
had no more valuable, in my opinion. With regard to what Mr. Biles 
said about the production of papers, I do not think we ought to attempt 
to draw such a large deduction as to say that no paper should be ad- 
mitted unless it is presented within a fortnight before the meetings are 
held. Of course it would be an immense advantage — ^it would have 
been to-day with Mr. Watts' paper — ^if we had had it in our hands be- 
fore the meeting ; and such a paper as that we might fairly claim to 
have had before ; but with regard to a paper of this kind, I apprehend 
there would never be any close discussion, because there would not be 
much to discuss in it; all that is to be hoped for would be a few sug- 
gestions here and there. What I want to point out is that if we cannot 
discuss the subject-matter of this paper, we get it in our hands and on 
the record, and what is the consequence? That probably we shall have 
a paper by Mr. Biles on the same subject next year, and we shall get a 
succession of papers on the development of this question, whereas per- 
haps otherwise the commentators upon this paper would have been sat- 
isfied with a passing criticism at this meeting; so that the circumstances 
under which the paper has been presented are not wholly without their 
compensation. At the same time, I think the council might profit by 
Mr. Biles' suggestion, so as to press strongly lor papers generally com- 
ing in a little earlier and getting into our hands a little sooner. I do 
not know that I can say any more, except to confirm what Mr. White 
says. It is to my mind a matter of the greatest possible satisfaction, 
and I am quite sure it is to this institution, to know that Mr. Froude 
is doing such thoroughly valuable work. In this he is following upon 
the labors of his lamented father ; he is feeding the future profession 
very largely ; and I earnestly hope that nothing will be said or done on 
occasions like this to discourage him in the great and valuable work 
which he has in hand. 

Mr. Biles. You will allow me, my lord, one' word in explanation* 
Sir Edward Beed says that I was criticising a fDrmer paper. 

Sir Ebwabd Beed. I said you were not criticising this one. 

Mr. Biles. I believe the presumption from that is that I was mticis- 
ing another one. I wish to make it quite certain that I have nQthingv 
but commendation for the earlier paper of Mr. Froude, but what I do 
want to impress very forcibly upon the members is, that any deduc- 
tions which may be drawn from this shall be drawn with a full knowl- 
edge of the assumptions upon which they are made. Sir Edward Beed 
has corrected me, and said that the assumptions are practically 
nothing. 
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Sir Ebwaed Ebed. I have not said that. 

Mr. Biles. That only gives force to what I say, that the papers 
should be earlier in the hands of members, in order that the time of the 
meeting may not be taken up by any one making a statement such as I 
have made, which would not have been made if I had seen the paper 
earlier, i 

Mr. W. John. I would like to say a word or two, and I can indorse 
every word that fell from Mr. White and Sir Edward Beed as to the 
extreme value of this paper to a naval architect. Sir Edward Eeed put 
the matter very cleverly when he said it opens out a hope of our getting 
from a state of ignorance into something like a decent state of light on 
the subject of screw-propellers. We know a good deal of the theory of 
naval architecture in many directions, but on this one question of screw- 
propellers I may say I dou't know a naval architect who is not in 
as near a state of absolute darkness as it is possible to be in. Now, of 
course we can work tentatively from one ship to the other where the 
steps are not great, but as for knowing the absolute theoryof the thing, 
and as for being able to argue in anything like a bold way with large 
steps, I think the whole of us are almost adrift, and hopelessly adrift, 
and I do welcome the fact of Mr. Fronde taking up this question in the 
bold manner he is doing, in tlie spirit in which his father attacked some 
other questions in naval architecture that appeared insoluble and mas- 
tered them. I do feel more pleased that this is the particular question 
Mr. Froude has taken up at the present time than if he had taken up 
any other question in connection with the subject. Mr. Biles suggested 
probably Lloyd^s would take up the matter as a means of feeding Mr, 
Froude with the recol*ds of the mercantile marine, and although I do 
not think it is probable Lloyd's committee would see their way to do 
so, I do think there is another way of doing it, and that is that the pri- 
vate ship-builders in the country should put their data and the result of 
their experiments and their trials freely in the hands of a man like 
Mr. Froude, and let him deduce what he can from them and check 
them by his own model experiments, and in that way we can get to- 
gether in a comparatively short space of time an amount of data that 
will enable Mr. Fronde really to settle this question, or at any rate to 
put it on a sound basis. Of course there comes the question whether 
private ship-builders will place their data in the hands of any one out- 
side their own firms. Some builders are prepared to do it, and some 
do it freely at the present time ; those who do not see the advantage 
of doing it in a case of this kind will simply not be able to appreciate 
the results when Mr. Froude has solved the question. And, I say, 
while fully recognizing the desirability of competition between private 
ship-builders, I believe that it would be better for all of us to compete 
in light than to compete, as we are at present, in darkness, and therefore 
it would be to the interest of all ship-builders in the country to give Mr. 
Froude, as freely as the Admiralty give him now, all our data with 
2872— ]^o. 16 12 
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only one condition, that his resalts shall come put pablicly at institu- 
tions like these, as I know they will sooner or later, and that it should 
be a fair, open attempt all round to get at a solution of the most difficult 
and most complicated thing at present in connection with naval archi- 
tecture. 

The Pbesibent. I must take the opinion of the meeting now as to 
whether you would wish me to close this discassion. I must point out 
to you that the original reading of the paper occupied fifty minutes or 
more, and it was thought that that latitude should be given, because 
the discussion itself would be a very short one. We have three papers 
more to be read, and therefore I must ask you to express in some mode 
whether you wish the discussion to go on or not. 

It having been put to the meeting as to whether the discussion should 
be closed — 

The President. I see that the feeling of the meeting is that it should 
be closed, and therefore I most unwillingly close the discussion. 

Mr. E. E. Froube. I hav.e very few remarks to make in reply, except 
to thank all the gentlemen who have joined in the discussion most cor- 
dially for the undeservedly complimentary strain in which they have 
spoken, and I can only say that I am very glad that the paper has given 
rise to so valuable a discussion, if not on the details of the subject dealt 
with, on the very important general question of the use of scientific in- 
vestigation, that is to say, the manner in which it is to be used for prac- 
tical purposes in naval architecture ; and those remarks have suggested 
to me one word from myself in reference to the scope of this paper. It 
certainly professes to suggest a manner in which the work which is now 
done by experiments on models in reference to the question of resist- 
ance may be extended to the question of propulsive efficiency. It pro- 
fesses to suggest a way which I think is the only way of doing it, if 
it can be done, though I am not as yet certain that it can- be done very 
effectively or successfully. The corrections which may be required to 
make model screw experiments fully applicable to full-sized ships may 
really baffle us ; but I feel that, even if we are baffled in that attempt, 
this paper has a value, in that the propositions which I have put for- 
ward are a contribution to the science of the subject, and I think, in 
virtue of the light thrown on the question by the propositions, we shall 
be able to do a good deal in analyzing and systematizing the results 
which are to be obtained from full-sized trials with ships ; and that we 
can thus make much better use of results obtained from steamship trials 
than can be made without the light which is thrown on the general ques- 
tion of propulsive efficiency by this investigation. (Hear, heart) 

The President. Those sounds are quite sufficient, and I am sure I 
may convey to Mr. Froude your most grateful thanks for bis very val- 
uable paper. 
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XI. 

ON THE STEAM TRIALS OF THE "SATELLITE" AND "CON- 
QUEROR" UNDER FORCED DRAUGHT. 

By R. J. BUTLEB, Esq., Member. 

[Read at the twenty-fourth session of the Institution of Naval Architects, March 15, 
1863 ; the Right Hon. the Eabl of Raybnsworth, president, in the chair.] 



The many advantages which are obtained in torpedo-boats and other 
small craft fitted with a single boiler, by the successful employment of 
forced draught by fans in closed boiler-rooms, have naturally induced 
the designers of war ships and their machinery to endeavor to secure 
similar advantages, by the application of the same system on a larger 
scale to the common high-pressure boilers, which are usually fitted in 
such ships. 

For some considerable time past provision has been made in the 
designs of the machinery of all the most important ships of the Navy 
for the application of this system, so that it only remains to order the 
addition of the requisite boiler-room fittings, in case of its adoption. 

The French Government have used ,the fan draught with ordinary 
boilers in closed boiler-rooms in ships of war for some two or three 
years, and in this country the firm of Sir W. Armstrong & Co. have 
adopted and carried it out successfully, in connection with low circular 
boilers, in some fast cruisers which they have built during the last two 
years for foreign Governments. 

Within the last twelve months, the Satellite and Conqueror, fitted 
with boilers of the usual types, were far enough advanced to admit of 
the necessary additions being made to their boiler-rooms, for putting 
them under air-pressure, without delaying their completion and trials. 
The opportunities thus afforded of acquiring needed information were 
embraced ; the arrangements have been carried out in these vessels, 
and several steam trials made. 

The engines of the Satellite and Conqueror were not designed to 
develop the high powers which it was found the boilers could generate 
steam for, even when they were worked under a moderate amount of 
air-pressure. The conditions, therefore, were not favorable for the de- 
termination of the best possible results, but those which were obtained 
are of suflBlcient value to enable the capabilities of the machinery to be 
more nearly proportioned to the boiler power in other vessels. It is in 
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the hope that the particalars of the trials made in these two vessels 
may be of interest to the members of this institution that this paper 
has been prepared by me. 

The Satellite is a single-screw composite sloop of 1,420 tons displace- 
ment. Her engines are of the usual two-cylinder compound type, placed 
horizontal. • The boilers are of the long low kind, with two furnaces in 
each, an intermediate fire-box, and the tubes beyond. The boilers are 
arranged in pairs in two separate water-tight compartments, as shown 
on Figs. 1, 2, 3 (Plate I), being fired at the forward and after ends re- 
spectively. One funnel serves both sets of boilers. The engines and 
boilers are placed beneath a steel deck, which is below the water line. 
All the necessary openings in this deck for ventilation and other pur- 
poses are protected by shutters or stout bars, and coffer-dams. Direct 
communication between the boiler-rooms, and to the back ends of the 
boilers, is obtained by means of a passage at one side. An air-lock is 
provided at each end of this passage, and also at the entrance to the 
after boiler-room from the engine-room. Air-tight screens of thin sheet 
iron are worked flush with the fronts of the boilers, attached to the fore 
and aft coal-box bulkheads at the sides, and to the steel deck and ship's 
bottom. Doors are provided in these screens to give access to the tops 
of the boilers. Each boiler-room has a fan five feet in diameter, placed 
horizontal under the steel deck, with separate air-supply shafts extend- 
ing well above the upper deck. Other air shafts and openings are pro- 
vided for ventilation and access to the boiler-rooms, but these are closed 
when the forced draught is applied. 

Two sister vessels, the Heroine and Hyacinth, have machinery and 
boilers exactly similar to those of the Satellite, except that they are not 
fitted with the apparatus for working under air-pressure. The particu- 
lars of their steam trials are given at the end of the paper, because they 
form an interesting comparison with those of the Satellite. 

The Conqueror is an iron-clad ram of 6,200 tons displacement, having^ 
twin-screw engines of 4,500 estimated i. h. p. Her engines are vertical 
inverted three-cylinder compound, with cranks at equal angles. A mid- 
dle line bulkhead separates the two engine-rooms. There are eight high 
boilers with return tubes over the furnaces. They are arranged in pairs 
in four boiler-rooms, separated from each other and from the engine- 
rooms by water-tight bulkheads. The boilers are placed with their 
backs to the middle line bulkhead, and are fired from the wings. One 
funnel is common to all the boilers. 

The only additions made to the original arrangements in the boiler- 
rooms consist of a horizontal ceiUng (Figs. 4, 5, Plate I), about eleven 
feet above the floor, worked across each room from the coal-box bulk- 
heads to the fronts of the boilers inclosing the uptakes ; and vertical 
screen plates between the boilers extend up from the front boiler 
bearers to meet the ceiling. The vertical plates are also worked round 
the fronts of the boilers inclosing the smoke-boxes, which thus keep 
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the boiler-rooms cool. These vertical plates are far enough back from 
the fronts of the boilers to form pockets for the gauge-glasses. 

Hinged doors are fitted along the ceiling to be open under the nor- 
mal conditions of working, so that the original system of ventilation by 
means of cowl pipes from above the upper deck then operates. Air- 
locks are provided between the engine-rooms and after boiler-rooms, 
and also the passage-way across the ship at the forward end of the other 
boiler-rooms. When working with all the boilers under air-pressure 
communication is open between the forward and after boiler-rooms 
through door- ways in the cross bulkheads. 

Two vertical 4-foot fans on one spindle, fixed at the after ends of the 
rooms above the ceiling, supply each of the after sets of boilers; and 
one 5-foot fan at the forward ends of the rooms supplies each of the 
forward sets of boilers. 

The air supply for the after fans is obtained entirely from above the 
upper deck through separate vertical shafts. The forward fans are 
supplied partly from the main deck and partly from the upper deck. 
The principal particulars of the machinery of the Satellite and Con- 
queror, as well as the most important of the observations made on their 
trials, are also given at the end of the paper. 

The Satellite and her tAvo sisters were all tried under natural draught 
alone. Trials were also made in the Heroine and Hyacinth, using steam 
jets in the funnels, to compare the effect with that of the fan draught. 
In the former vessel only the forward boilers were worked in this way, 
but in the Hyacinth ail the boilers were used, and they were worked as 
hard as possible in both cases. 

The i. h. p. developed on these two series of trials agree with each 
other very fairly, considering that they were made under somewhat 
different circumstances. The intended horse-power of these vessels 
was 950, to be obtained without any forcing, but the result considera- 
bly exceeded this in each case, the mean power of the three, under 
natural draught simply, being about 20 per cent, greater than the con- 
tract power. This was owing, no doubt, to the exceptionally good ven- 
tilation, the high funnel, and to the high steam -pressure used. The 
performance was very satisfactory, but it had the effect of narrowing 
the scope of the working under forced draught in the Satellite. 

These trials show that under the most favorable conditions, from 10 to 
10^ horse power is obtainable per square foot of grate from this class 
of boiler, when worked without forcing the draught; and that nearly 
• 13 horse-power, or about 24 per cent, more, can be realized when the 
ordinary steam blast is employed, the boiler-rooms being open as usual. 
It is to be observed that the power obtained by forcing the draught in 
the boilers of these vessels by steam jets, compared with the results 
fi;*om other similarly proportioned boilers, is also exceptionally high, 
which is only attributable to the favorable conditions above referred to. 
The proportionate increase of power produced by these means, over that 
given by the natural draught alone, is, however, not exceptional. 
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On the Conqueror's first trial, scarcely 8 horse-power per square foot 
of grate was obtained. But here the conditions were not so favorable 
for the development of a high result as in the smaller ships. The grate 
bars were unusually long, and the closed-in boiler-rooms rendered a very 
slight use of the steam blast necessary at times to quicken the draught. 
As the effect obtained from these boilers on this occasion was less than 
those which have been previously obtained under natural draught alone, 
from the same type of boilers similarly arranged, this can only be re- 
garded as equivalent to a natural-draught trial. The load on the boil- 
ers was 20 pounds less than on those of the Satellite, but the boiler 
tubes are brass (ferruled at the fire-box end), whereas those of the Sat- 
ellite are iron. 

The performance of these boilers is, however, not really so bad as it 
appears to be, judging it with reference to the grate area. In compar- 
ing the effect obtained from exactly similar boilers, the grate area forms 
a safe basis of comparison ; but in dealing with different types of boilers, 
such as those of the Satellite and Conqueror, this does not necessarily 
hold, seeing that in one case, as in that of the high boilers of the latter, 
the proportion of grate area may be abnormally increased, by extend- 
ing the grate bars to the backs of the fire-boxes. The maximum grate 
area obtainable was employed in both types on these trials, that of the 
Satellite bearing nearly the usual ratio to the total heating surface, 
which is fixed, while that of the Conqueror was greatly in excess. The 
proportion of heating surface provided in both types of boiler to the es- 
timated horse-power is practically the same. 

A comparison of the power obtained per square foot of grate on the 
Conqueror's first trial with the mean result of the natural draught trials 
in the other vessels makes the performance of the boilers of the latter 
appear about 30 per cent, superior to that of the high boilers ; but, com- 
paring the mean power realized, in proportion to the total heating sur- 
face, as it properly should be compared, the apparent superiority of the 
low boilers becomes reduced to 9.5 per cent., and, as above mentioned, 
the favorable circumstances which obtained in the small vessels, and 
the unfavorable ones in the Conqueror, account for this. 

The first of the Satellite's forced-draught trials, like the first steam- 
blast trial, was made with the two forward boilers only, to keep well 
within the limits of the capability of the engines to transmit the power. 
The air pressure used varied from 1 to It^ inches of water, but was in 
effect only an inch throughout, the increase being required gradually as 
the heating surface became diminished by the lower tubes being blocked 
up by coal thrown over the bridges. 864 i. h. p. was realized as the 
mean of the three hours' work, or 15.7 horses per square foot of grate, 
and this power was maintained during the whole time as uniformly as 
could be expected. The tendency of the boilers to prime prevented this 
air pressure being exceeded. 

On the next trial all the boilers were used, and worked for half an 
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hour at J inch air pressure. The results of this are only given as show- 
ing that this amount of air pressure with the boiler-rooms closed pro- 
duced practically the same effect, in regard to power, as the natural 
draught with the boiler-rooms open. 

On the subsequent trial three boilers were used, the air pressure be- 
ing increased gradually. With i inch, the effect is very nearly the same 
as when using the steam blast. 

At an air pressure of 1 inch, 16 horse-power was obtained per foot of 
bar, but it will be noticed that the condensing apparatus, which main- 
tained a good vacuum up to about 1,200 horse-power, was being over- 
taxed, and a fall in the vacuum took place. 

The three boilers were further worked at an air pressure of from 1 J 
to 2 inches. With the increase in air pressure, the vacuum was 
further diminished, but the power and speed of the engines were main- 
tained with a very fair degree of uniformity. Apparent unsteadiness 
in the water caused the feed to fluctuate, and necessitated variation 
in the air pressure to keep the power uniform. The i. h. p. now obtained 
reached as high as 1,397, or 16.9 per foot of grate bar, as the mean of 
the two hours' trial. This exceeds the periformance under natural 
draught by 62^ per cent., and that under steam blast by 30 per cent. 
Considerable leakage of air occurred through the furnaces of the unused 
boiler, especially at the higher air pressures, so that an increased fan 
speed was necessary in one boiler-room to maintain the required air 
pressure. 

After this, an attempt was made to work all the boilers, commencing 
with 1^ inches of air pressure, but the engines could' not take the steam, 
and it was abandoned. The indicator diagrams taken showed that 1,570 
horse-power had been developed, or about 65 per cent, above the speci- 
fied power of 950 horses, the engines running at 126 revolutions. 

The indicator diagrams were taken, and the usual observations made 
every quarter of an hour, during the forced-draught trials in this ship. 

In the Conqueror two series of forced-draught trials took place. The 
first, which immediately followed the ordinary trial, was made solely 
with the object of ascertaining the maximum power and speed the ves- 
sel could attain on an emergency, and it is only valuable on that ac- 
count. Steam blew off freely from the safety-valves during the whole 
time, .and additional pipes were fitted to admit steam direct from the 
main pipes to the low-pressure cylinders. Thus a large quantity of the 
steam generated was wasted, and another large portion used uneconom- 
ically. 

The other trials were made to determine the capabilities of the boilers, 
and for this purpose the after boilers only were used. They were 
worked for IJ hours, under an air pressure varying from 1 to 1 J inches 
in the two rooms, and subsequently for the the same period at from IJ 
to 2 inches of air pressure. The i.h.p.'s developed under these con- 
ditions were 3,665 and 4,023, or at the rate of about 12.2 and 13.4 horses 
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per sqaare foot of grate respectively. The same length of grate bar^ 
viz, 7 feet 6 inches, was used on all these occasions, and there is no 
doabt that the high boilers were worked at a considerable disadvantage 
on this account, as compared with the low boilers of the Satellite. But 
as one object of the trials was to ascertain the workability or otherwise 
of the long bars, they were retained. Unfortunately, circumstances 
did nbt permit of further trials being made with the bars shortened, so 
as to reduce the grate area to the usual proportion, for they would have 
yielded useful information. 

If the x>erformance of these boilers on the last trial, which was the 
best that, I believe, could be maintained under the circumstances, be 
compared, on the basis of the proportion of power obtained to total 
heating surface, with that of the Satellite's boilers when the greatest 
effect was realized, it will be seen that the latter still appear superior 
in steaming power, and to about the same extent as before, viz, 9.6 per 
cent., although the mean air pressure was slightly less. Comparing, 
again, the first trials of the Satellite and Conqueror under forced 
draught, and regarding the air pressures as practically the same, the 
[)erformance of the boilers of the former appear 10 per cent, better 
than that of the high boilers. But on a short trial made in the basin at 
Chatham, using one of the after sets of boilers only and one set of en- 
gines, the grates then being 6 feet 6 inches long and the air pressure 2 
inches, 2,140 horse-power was developed, which is at the rate of 16.46 
per square foot of grate, and 0.625 per square foot of heating surface. 
This approaches more nearly the best of the performances of the Sat- 
ellite, which is only superior to it to the extent of 2.56 per cent., but 
which was obtained with considerable less mean air pressure. It must 
be observed that on this occasion the fires were clean, and the men fresh, 
but as a considerable margin of power remained in the fans, it is an 
open question whether this power could be maintained as long as the 
other trials lasted. 

It is certainly a matter of great importance in war ships to make the 
grates as long as the furnace barrels will admit, provided they can be 
efficiently worked, for long grates mean less width of boilers and re- 
duced weights ; but it is doubtful whether, on the trials of the Con- 
queror, the bars were not too long for the width of the furnaces ; it was 
very diflftcult to fire the backs of the long grates effectively, owing to 
the thick fires which had to be maintained, and I do not think it was 
done. The fluctuations which occurred in the air pressure pointed to 
the conclusion that uniform fires were not being kept, for the feed was 
very regular — much more so, in fact, than in the Satellite, where the 
water was always more or less unsteady. 

The total weight of the Conqueror's boilers, with all their fittings, is 
less than that of the Satellite's in proportion to the horse-power devel- . 
oped under natural and also under fan draught, and both sets of boilers 
are average specimens of their classes. (Double ended boilers would be 
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ligtiter still.) If their weights relatively to the power obtainable by 
using the steam blast could be compared, then probably the Con- 
queror's boilers would, as usual, appear heavier than the Satellite's, for 
the steam blast is not nearly so effective in producing increased power 
in the return tube boilers as in the low ones. The risk incurred in 
working hi^h boilers under air pressure is undoubtedly less than in 
working low ones, but they require harder forcing, apparently, to produce 
the same effect ; the difference in their steaming power, however, could 
easily be made up by using larger fans lo obtain a little additional air 
pressure ; further, seeing that the high boilers have also a slight advant- 
age as regards weight, it would appear preferable to employ them in 
connection with the fan draught, rather than the low type, in vessels 
of war where the height and protection will admit. 

The fan speeds necessary to maintain the different air-pressures were 
noted with the 4-feet fans of the Conqueror, and with the 5-feet fans of 
the Satellite, whilst the boilers were worked. Those of the Satellite, 
at 400 revolutions per minute, sustained IJ inches of air pressure, and 
each addition of 60 revolutions produced approximately an increase of 
0.3 inch. In the Conqueror, 600 revolutions gave an inch with the long 
grates, and 1.2 inches with the 6 feet 6 inches grates, and additions of 
100 revolutions increased the air-pressure to the extent of about 0.5 
inch each. 

The number of revolutions required for the Conqueror's 4-feet fans 
at full power would probably be too great if they had to be worked 
frequently and for long periods. In other vessels intended to be worked 
in this way a fan will be placed at each end of each boiler-room, or near 
the center, as In the Satellite, to equalize as much as possible the 
draught in all the furnaces. The fans are also to be capable of main- 
taining an air-pressure equal to 3 inches of water at full power, which 
will insure a moderate rate of speed for the fans and their engines at 
all times. In the Conqueror, want of equality in the draught to the 
tires, owing to the fans being at one end of the boiler-room, was very 
noticeable, but in this case a better arrangement could not be made, nor 
could larger fans be employed. 

In feeding the low boilers care was required to prevent the water ex- 
ceeding 2 inches in the guage glasses, or about 6J inches over the 
crowns of the fire-boxes. Whenever it rose above this height, slight 
priming immediately set up. This, however, was probably more appar-. 
ent than real, for it occasioned no inconvenience at the engines. The 
water in the high boilers, on the other hand, was perfectly steady, no 
symptoms of priming being seen at any time, although the water was 
allowed to rise occasionally as high as two-thirds of the glasses. 

In all the vessels referred to, a separate small engine, instead of the 
usual pumps worked off the main engines, is provided for feeding the 
boilers, and placed in each engine-room. These draw only from the 
feed tanks, and supply all the boilers. Their speed is therefore regu- 
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lated independently of that of the main engines, but in accordance ^th 
the wants of the boilers. Each boiler-room is fitted also with a small 
engine connected with the feed tanks and sea, so that the person in 
charge of each set of boilers has an independent command of his feed. 
This arrangement was found to work remarkably well, and proved to be 
very convenient on the trials, especially in the Satellite. The feed en- 
gines having two double-acting pumps, the supply of water to the boilers 
was very uniform, and it was practically free from air. The pressure- 
gauges on the delivery pipes showed a variation of not more than 5 
pounds, whereas with the ordinary feed pumps a variation to the extent 
of the boiler pressure at each stroke is commonly observed. This, no 
doubt, operated in some degree to keep the water steady in the boilers. 
All the feed-engines as well as the fan-engines in these vessels are ar- 
ranged to exhaust into the condensers, and also into the atmosphere. 

The boilers were in each case filled with fresh water for the purpose 
of the trials. The best Welsh coal was used, and the stokers were 
trained men from the Reserves. 

It is to be regretted that no estimate can be given of the quantity of 
coal burnt under this system of forcing the combustion, the trials being 
made almost entirely with the object of observing the behavior of the 
boilers, and of realizing the maximum power obtainable; and being in 
a certain degree progressive, they were necessarily of short duration — 
too short, in fact, to admit of any account being taken of the rate of 
combustion of the fuel which could be considered of value. One thing 
appears certain, viz, that as the air-pressure was advanced, the in- 
crease in the consumption of fuel proceeded at a much higher rate than 
did that of the power given out at the engines. 

This is borne out by the observations made of the temperatures pro- 
duced in the uptakes. On the forced draught trial of the Satellite with 
the two forward boilers, a pyrometer fixed to the uptake registered a 
temperature from l,000o to 1,200° Fahrenheit, whilst on the steam-blast 
trial of the Heorine a pyrometer, similarly placed, recorded from 776° 
to 850°. Also, on the trials of the Conqueror, pyrometers were attached 
to the funnel just above the junction of the uptakes. On the first oc- 
casion, under the ordinary draught, the temperature varied from 275° 
to 280°, when the steam blast was off. When the blast was on, it va- 
ried from 490° to 600°. On the trial immediately following, when the 
fan draught was used, the temperature registered ranged from 850° to 
1,000°. 

The forced draught trials made in these two vessels can in reality 
only be regarded in the light of experiments, carried out with the gen- 
eral object of making the ground sure for an extended application of 
the system, and although they are not so complete as could be desired, 
they have yielded useful information. The results obtained are suffi- 
cient to show that, with engines of suitable size, the steaming power of 
the lower boilers can, by employing forced draught, be increased by 
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about 30 per cent, beyond the maximum power hitherto obtainable 
with the steam blast, and that the increase of effect is even considera- 
bly greater than this in the case of the high boilers. 

The advantages which follow the successful application of this sys- 
tem of forcing the draught in the boilers of war ships are of consider- 
able importance. It enables the machinery to be constructed within 
the limits of the space and weight which are sufficient for their ordinary 
services, and admits of the reserve of power being stored in the light 
fans and fittings, instead of in the cumbrous boilers and machinery, as 
heretofore. Many of the existing ships might also, at little cost and in 
a very short time, have their power and speed materially increased by 
the addition to their boiler-rooms of the few comparatively light and 
simple fittings. 

Neither in the generation of the steam nor in its employment in the 
engines is economy to be expected by this method of working the boilers, 
but neither is it necessary for the few and comparatively short periods 
that they will probably require to be forced in this manner. The adop- 
tion of the fan-draught system has this advantage : It tends to facilitate 
economical working rather than otherwise under ordinary conditions^ 
because it enables relatively smaller cylinders to be used. 

With regard to the endurance of the boilers, there can be no doubt 
that the frequent use of the forced-draught would produce a great diminu- 
tion in the life of those parts subjected to the intense heat. But proba- 
bly, under the cpnditions that will obtain, this will not be of serious 
moment. An examination of the boilers of the Satellite and Conqueror 
after the trials showed that they had not suffered to an unusual extent 
by the exposure to the intense heat for the short time the trials lasted* 
Only two or three of the iron tubes were found to be weeping in the low 
boilers, and in the Conqueror's a few seams and rivets and about twenty 
of the tubes were leaking slightly. 

The machinery of all the vessels above referred to was constructed 
by Messrs. Humphrys, Tennant & Co., of Deptford, and worked in an 
eminently satisfactory manner throughout the trials, especially so in the 
case of the Satellite, the engines of which were tested to a much higher 
degree than was stipulated for. 

Some of the points to which I have made reference in connection with 
these trials may seem to be of little general importance, but in my 
opinion they are all of more or less value to engineers who have to pro- 
vide for the development by fan draught of the extra power required in 
the first instance and its reproduction on emergencies. It is a ques- 
tion, however, which appears to me to be well worthy of consideration 
whether the employment of this system of forcing the draught in ordi- 
nary boilers could not be extended to other vessels besides war ships. 

It would probably not be found advantageous to adopt it generally 
in vessels which make voyages of longer duration than six hours, or 
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which run continuously, on account of the delays which cleaning the 
furnaces and tubes would involve, and the additional wear and tear 
which would be incurred. But the classes of vessels for which it would 
appear to be particularly well suited are mail or passenger steamers 
which make short passages at high speed, occupying about six hours or 
less, and in which economy of fuel is of minor importance compared 
with that of keeping good time. There are many services of steamers 
around our coast in connection with the railway system, such as those 
which run from Dover, Folkestone, and Newhaven to the French ports^ 
the Dublin and Holyhead boats, and others, to which this is applicable. 
These boats are mostly paddle-wheel, so that very little, if any, benefit 
would be gained by supplying the existing vessels with the apparatus 
for applying air pressure, because the speed of the engines being re- 
stricted, the additional steam generated could not be utilized. 

In future vessels designed for these services, however, the piston 
speed could be increased relatively to that required for the wheels, and 
without adding to the weight of the existing machinery 5 the additional 
power obtainable by the fan draught could be made available by increas- 
ing the speeds of the ships, thus shortening the time of passage ; or, the 
same speed of vessel could be obtained for a considerably less weight 
of machinery, if desired. 

The merits which the fan-draught system has to recommend it for such 
purposes are — 

That the extra apparatus required is simple, light, and comparatively 
inexpensive. It admits of the air pressure being applied and removed 
readily. Fans of sufficient size to run at a moderate speed, having en- 
gines of simple construction, are not likely to give trouble if properly 
attended to. The system is unquestionably effective, seeing that the 
productive power of ordinary high-pressure boilers can be increased by 
its agency at least 30 per cent., and probably more. "No extra skill is 
necessary for the manipulation of the apparatus, but a little additional 
care and attention would probably be required. Provided these be 
given, there is no reason to suppose, judging from the short experience 
of its working in the Conqueror, that any serious risk to life or property 
would be incurred by using the forced draught in connection with high- 
pressure boilers of the types commonly employed in the mercantile 
marine. In the class of passenger or mail steamer referred to steam 
could be raised by the fans to full pressure for starting whilst the pas- 
sengers are getting on board; thus the inconvenience to which they are 
frequently subjected by the roaring off of the steam until the boat gets 
under way would be avoided. 

These numerous points are collectively, of sufficient importance to 
entitle such an extension of this system, in my opinion, to consideration. 
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Natural-draught trials. 



Satellite. 


Heroine. 


Hyacinth. 


Apr. 3, 1882. 


May 30, 1882. 


July 25, 1882. 


4 


6 


8 


4 


4 


4 


84 


82.6 


81.6 


26.5 


26.1 


26.0 


98.52 


104.2 


105.8 


32.36 


32.07 


31.6 


13.85 


12.9 


14.1 


^ei^."" 


Si^.>« 


iJ?|M.5 


110 


110 


110 


10.15 


10.25 


10.87 


2.18 


2.16 


2.03 


2.61 


2.59 


2.44 


4 


lto4 


2to4 


Smooth. 


Smooth. 


Moderate. 


13' 0" 


13' 0" 


♦ la'O" 


13' 6" 


13' 6" 


13' «" 


IV 8" 


11' 10" 


11' 8" 


14' 9" 


14' 9" 


14' 9" 


111© 


108° 


980 


90° 


870 


840 



Daration of trial hoars 

Number of boilers used 

Mean steam pressure in boilers pounds 

Mean vacuum inches 

Mean number of revolutions per minute 

Mean vre,>^\^::::::::::::.:::::::::::-:::rA^ 
i=-^-5S^:;:;:;::::;:::::::::;;::::::;;::::::::::::::: 

Grate area square feet. 

I. H. P. per square foot of grate 

Tube surface of boilers per I. H. P square feet 

Total heating surface, perl. H. P do.. 

■Wind force 

Sea 

Diameter of screw feet. 

Pitch of screw 

Draught of waterj^™]^--;-----;-;;;;--;^ 

Maximum temperature in the boiler-rooms 

Mean temperature in the boiler-rooms 



Steam-hlast trials. 



Duration of trial h ours . 

Number of boilers used 

Mean steam pressure in boilers pounds. 

Mean vacuum .*. Inches . 

Mean revolutions ijer minute 

I- =-?{i;?^ ::;::•;::::::::;:::::::::::::::::::;:::;:::;;;::;:::::::::: 

Grate area square feet. 

I. H. P. per square foot of grate 

Tube surface per I. H. P square feet . 

Total heating surface per I. H. P do. . . 

"Wind force 



Sea . 

Area of funnel square feet. 

Blast nozzles : 

Number 

Diameter inch . 

Diameter of screw feet . 

Pitch of screw 

Maximum temperature in the boiler-rooms 

Mean temperature in the boiler-rooms 



Heroine. 


Hyacinth. 


May 31, 1882. 


July 25, 1882. 


3 


2 


. 2 


4 


83.9 


85.0 


26.0 


25.1 


89.4 


111.6 


22.45 


34.05 


9.63 


16.9 


^^^<« 


Z\^*^- 


55 


no 


12.76 


13.1 


1.73 


1.68 


2.08 


2.02 


1 


2to4 


Smooth. 


Moder&te. 


*7.5 


15 


2 


4 


A 


A 


13' 0" 


13' 0" 


13' 6" 


13' 6" 


980 


lOOo 


87° 


880 



* A diaphragm was placed in the funnel for this trial. 

Forced-draught trials. 

SATELLITE. 





May 10, 1882. 


July 5, 1882. 


July 11, 1882. 


July 11, 1882. 


July 11, 1882. 


Number of boilers used 


2 


4 


3 


3 


3 


Duration of trial hours . . 


3 


t 


\ 


i 


2 


Air pressure . . inches of water . . 


1 to li 


;? 


1 


1 


li to2 


Mean steam pressure in en- 












gine room pounds. . 


79 


90 


86.5 


78.7 


80.5 


Mean vacuum inches. . 


26.6 


25.0 


25.38 


23.88 


23.41 


Mean revolutions per minute.. 
Mean pressure {^'I^PX^; 


95.4 


113.5 


103.36 


110.66 


121. 45 


27.52 


29.95 


29.4 


33.7 


3L93 


10.58 


12.52 


12.85 


14.9 


14.45 


T TT « ^ high 


'^\^ 


^^|i.m 


*6Stl'.<^* 


?Jf}l.32. 


?S?1m97 


^•^•p- {low ::..:.:.:::.:::. 


Areaofflre-grate. .square feet. . 


55 


110 


82.5 


82.5 


82.5 


I. H. P. per square foot of grate 


15.7 


10.6 


13.0 


16.0 


16.9 


Tube surface per I. H. P., 












square feet 


L41 


2.08 


1.70 


L37 


L30 


Total heating surface per L H. 












P square feet.. 


1.69 


2.5 


2.04 


1.65 


1.56 


Area of funnel. . .square feet. . 


15 


15 


15 


15 


15 


Maximum temperature in the 












boiler-rooms 


860 










Mean temperature in the 










boiler-rooms 


760 
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Steam, trials, 
CONQUBBOB. 



Jannary 24, 
1883. 



January 24, 



tnary S 
1888. 



Janiiary 26, 



January SB 
18^ 



Number of boilers used 

Dnration of trial h oars . 

Air pressure inches of water. 

Mean steam pressure in engine-room, 

pounds 

Mean vacuum inches. . 

Mean revolutions per minute 

j^H-p-frr.;::;:::;:::;:;:::::::-:::::::: 

Area of fire-grate square feet . . 

L H. P. per square foot of grate 

Tube surface perL H.P square feet.. 

Total heating surface per L H. P do.. 

Area of funnel do. . 

Maximum temperature in the boiler-rooms 
Mean temperature in the boiler-rooms 



64 

28.4 

100.8 

27.7 

a27 

586 
7.96 
2.87 
2.86 
64 
lOOO 
730 



w 



65 
27.6 
106 
27.3 
11.68 

?'*?8}5,842 



8,434^ 



585 

10 
1.89 
2.28 

64 
102» 

850 



61- 
37.8 
92.21 
24.27 
6.96 

300 
12.22 
L55 
L88 
64 
1100 
910 



II 



63 
27.5 
95.2 
26.61 

?'??0}4''oS 



l,993j 



300 
13.41 
1.41 
1.71 
64 

II60 
980 



Pariiculura of the fnachinery of Satellite and Conqueror. 

Deecripiion of engines — Satellite : Horizontal compound single-screw, return connect- 
ing rod, 2 cylinders. Conqueror : Vertical compound twin-screw, direct acting, 
3 cylinders to each set. 

Diameter of cylinders— &a,tellite: H. P., 36''; L.P., 62". Conqueror: H. P., 64"; two 
L. P., each 70". 

Length of »<rofce— Satellite : 2' 6". Conquerer : 3'. 

Diameter of crank slMfU-S&temte: d|". Conqueror: 13f". 

Diameter of propeller shaf t-~&a,teUite : 8i". Conqueror: 12i". 

Crank pinSf diameter X Iw^t^t— Satellite : 10" X 11". Conqueror: 13f" X 12". 

Total length of main hearings — Satellite : 5 feet. Conqueror : 8 feet each set. 

Material of shafts — Satellite : Siemens-Martin steel. Conqueror : Wrought iron. 

Cooling surface of oondensers—Baitellite: 1,900 square feet. Conqueror: 9,000 square 
feet. 

Air pumps, number diameter X stroke — Satellite : One, 14" X 2^ 6" ; double acting. Con- 
queror : Eight, 14" X 8' ; siugle acting. 

Description of screios — Satellite: Two-bladed Griffiths', feathering on Bevis' plan. 
Conqueror : Four-bladed modified Griffiths'. 

Diameter X pitch of screws— ^ateWite: IS' X 13' 6". Conqueror: 14' X 16' 6". 

Number and description of boilers — Satellite : Four of long circular type. Conqueror : 
Eight of high type, 6 flat-sided, 2 circular. 

Working load of boilers — Satellite: 90 pounds. Conqueror: 70 pounds. 

Width X length X height of l>otl«r»— Satellite : T 5" diameter X 14' 8" long. Con- 
queror: Six, 12' 2" X 9' 6" X 15'; two, 12' 4" diameter X 9' 6" long. 

Thickness of shell plates of boilers — Satellite : {i". Conqueror: ^i'\ 

Material of boiZera— Satellite : Siemens-Martin steel, except furnaces, combustion cham- 
bers, and tube plates. Conqueror : Siemens-Martin steel, except furnaces, com- 
bustion chambers, and tube plates. 

Number of furnaces in each boiler and dimensions— &Skte\\ite: Two, 2' 9" diameter X 5' 
long. Conqueror : Three, 3' 4" diameter X 7' 6" long-high ; 3' diameter X 7' 
6" long circular. 

Total grate ar 6a— Satellite : 110 square feet. Conqueror : 585 square feet. 

TubeSf material off and dtmen«ion«— Satellite : Wrought iron, 0.165" thick, 2^" diameter, 
X 5' 8" between tube plates. Conqueror: Brass, 0.137" thick, 3" diameter X 
6' 6'' between tube plates. 
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Total tube surface of boilers — Satellite : 2,430 square feet. Conqueror : 11,050 square 

feet. 
Total heating surface of boilers — Satellite: 2,920 square feet. Conqueror: 13,340 square 

feet. 
Funnel^ description and height from dead plates of lowest furnaces — Satellite: Lifting, 50'. 

Conqueror : Fixed, 65'. 
Fans for forced draught-r^&tellite : Two, 5' diameter. Conqueror: Four, 4' aft; two 

5' forward. 
Description and dimensions of fan engines — Satellite : Direct acting, single cylinder, 7" 

cylinder X 4" stroke. Conqueror: Brotherhood, 3 cylinder, 7" diameter X 4^ 

stroke. / 



DISCUSSION, 



Mr. F. Marshall. My lord president and gentlemen, I have read the 
paper, or have listened to its reading, with very great interest. The ex- 
periments recorded (for, as Mr. Butler says, I think we must only regard 
them as experiments) are certainly of the most interesting nature, and 
promise to be of very great importance in the future development of 
marine engineering. The only direction in which we can go with a view 
to increasing power with the present size of engines, or keeping the 
engines smaller in order that we may reduce weights, seems to me to be 
the direction which I ventured to point out at the meeting of the Insti- 
tution of Mechanical Engineers in I^eweastle, and which has been 
adopted since very generally. I mean the system of forced draught and 
high speed of movement adopted by Mr. Thomycroft in the working of 
his torpedo vessels, and which I had the honor of carrying out in design- 
ing the machinery for the Chinese cruisers constructed by Sir W. G-. 
Armstrong & Go. There are great difficulties in working this system, 
and I think Mr. Butler in his paper has pointed them out, or has indi- 
cated them at least. These, of course, are really experiments. It ap- 
pears to me that in carrying out the experiments much too large grates 
have been adopted for the work to be done ; that had smaller grates 
been adopted a larger and more satisfactory result would have been ob- 
tained. We have no records here of the quantity of fiiel burned — that, 
of course, would have told us whether the grate were large or small in 
proportion to fuel burnt — but we have a comparison between the grate 
area and the indicated horse-power. Now I need not tell you, my lord 
president or gentlemen here, that to work a 7-ft. 6-in. grate eflftciently 
under such conditions as men have to work in forced draught is a phys- 
ical impossibility. The back ends of the bars must be almost entirely 
open, and a very large amount of the air pass off, with the effect of re- 
ducing the efficiency of the gases, and cooling the boilers. Therefore, I 
think in the case of the experiments here the maximum effect would 
not by ajiy means be obtained. The grate areas, I think, were much 
too large. I speak from my own experience. We had very great diffi- 
culty in keeping even 6-ft. bars properly covered in the trials to which 
I allude, conducted in the north of England. There is one very impor- 
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tant matter brought out by this paper. It has been a generally received 
opinion among engineers that the low type of boiler was more efficient 
than the high type. We are told this morning, and with apparent truth, 
that the high boilers show very little, if any, inferiority to the low boilers. 
There is onequestion 1 should like to ask Mr. Butler, and that is, whether 
in putting it at 10 per cent., as he gives it here, of superiority of the low 
boilers of the Satellite over those of the Conqueror, he has considered 
the influence of the pressure. I presume in estimating the efficiency he 
was working from the indicated horse-power developed. He says they 
were nearly 10 per cent, better, but it is important to know whether 
that 10 per cent, was estimated on the pressure of 90 pounds or on the 
pressure of 70 pounds, the engines of the Satellite having a working 
pressure of 20 pounds higher than those of the Conqueror. That would, 
of course, fully account for the difference in the efficiency of the boilers, 
that is, it would place them almost on a level. There is one point against 
that conclusion, viz, the Satellite's boilers have iron tubes, while those 
of the Conqueror are, I understand, of brass. That circumstance would 
rather speak in favor of the Conqueror, the brass tubes being more effi- 
cient than the iron tubes. There is one thing more I would remark. It 
appears that the maximum amount of power got from the square foot of 
grate here is about 16J indicated horse-power. Now, from experiments 
I have recently conducted with the locomotive type of boiler, I believe 
there is no reason why we should not obtain 20 indicated horse-power 
from a square foot of grate. The difficulty of priming seems to have 
been experienced to a greater extent in the low boiler than in the high 
boiler. That I cannot quite account for and can scarcely understand, 
because the difficulty has generally been to keep the water uniform in boil- 
ers of the high class on high-speed trials, whereas there has generally 
been no difficulty with the low type. I may say that in the long series 
of trials which we had in the three cruisers, extending, I think, over 
something like twenty high-speed trials, lasting from four to eight hours 
under forced draught, we never were in the least degree troubled with 
priming, and we generally worked at a pressure of about one inch. 
Eeferring again to the question of the high and the low boilers, there is 
one point in reference to the efficiency of the high boiler under forced 
draught which is worthy of notice, I think. It will be noticed that in 
both the natural-draught and the steam-blast trials, which depend, of 
course, upon the efficiency of the funnel, the temperature of the gases 
was higher in the funnel in both cases in the Satellite than it was in 
the Conqueror. This I think we may look for from the mere fact that 
the gases have a more direct flow through the low boilers than they 
have through the high, and of course, on the other hand, where the 
draught is given by fans, we have the lower parts of the boiler under a 
much more intense heat. In the Conqueror boilers, the furnace and 
back flame-box capacity is greater than in those of the Satellite, and pre- 
sent a larger absorbing surface to the intense heat developed in those 
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parts ; and further, the resistance to the direct flow of the gases pre- 
sented by the high boiler as compared with the low, will, I think, 
account for what we had not expected, namely, the apparently much 
higher efficiency of that class of boiler when working under forced 
draught. I should like to observe on this point that the greater effici- 
ency of the heat in the Conqueror's boilers over tjiose of the Satellitie 
might be balanced in the latter by an increased length of run. It is to 
be distinctly observed, in speaking of the economy of fuel in connection 
with forced draught, that everything depends upon the relation of the 
grate area to the heating surface. Now, in both the Conqueror and the 
Satellite that relation was as low as 1 to 26 ; I think in the case of the 
Satellite it was 1 to 23. That is a very low ratio, in fact, it is a natural- 
draught ratio or thereabouts ; whereas in the cruisers to which I have 
referred that relation was about 36 to 1. In the casej^ of locomotives, 
which may be regarded as our standard in this matter, the relation is 
about 1 to 80. Now, I need not say that in future the locomotive seems 
to be the form of boiler to which we must look if we are to have small 
weight for large power. So far as my own experience goes, there is no 
reason why the locomotive boiler should not be the boiler of the future 
for, at any rate, war vessels. I have recently made some very excellent 
experiments with boilers we are now constructing for the Danish Gov- 
ernment, in which we have got very high results without the slightest 
evidence of priming, the steam being blown off under very disadvan- 
tageous circumstances. It is quite clear that the most important matter 
of all to us is that we should be able to reduce our grate areas to the 
smallest, in order that we may keep them well covered, use higher 
pressure of air and increased efficiency of fuel. Mr. Butler in his paper 
mentions that we cannot look for highly economical results from forced 
draught. I beg to differ from Mr. Butler in that respect. We have in 
the case of the locomotive generally an indicated horse-power for about 
2i pounds of coal. That is not a very highly economic result 5 at the 
same time it is a favorable result, and that I think we obtain almost 
elitirely from having small grates and a large amount of absorbing sur- 
face and a high air-pressure under the grate. The absorbing surface 
being in the tubes is got with a very small amount of weight. As to 
the boilers of the Conqueror, if you will pardon my saying so, the 
boilers appear to be about one-third too large for the engines. That, 
of course, is all right when we are working, as in this case we were 
working, under ordinary conditions. The engines also seem to have 
developed very far short of the power which was possible to them. I 
feel sure that under similar conditions to those used in the cruisers to 
which I have referred, at least 8,000 indicated horse-power could have 
been obtained from those engines. That is confirmed by the fact that 
when working at half power 4,000 indicated horse-power was obtained. 
I beg to express my thanks, and I am sure the Institution will do so 
also, to Mr. Butler, for his very valuable paper, and also I think we 
2872— No. 16 13 
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may say to the Lords of the Admiralty, for having permitted experi- 
ments of such very great value to be laid before this Institution. 

Mr. Bavenhill. I should like to ask the writer of this paper a ques- 
tion or two. He was rather pressed for time, and he omitted one or two 
paragraphs at the end of his paper, notably one where he alludes to the 
possibility of great improvement in some of our mail-boats, where the 
distances from port to port are but short, if forced draught could be 
introduced. Now, at Dover, some years ago, fans were fitted to some of 
the mail-boats there, the object sought being to enable those vessels 
under all conditions of weather — ^that is, whether the wind was off the 
shore or blowing into the harbor — to start carrying their full pressure of 
steam. One of the first things we did there was to run all our furnace 
bars together, and the trials were abandoned. I would like him to tell 
us, if he can, the condition of the fire-bars after the trials on board the 
Oonqueror and on board the Satellite, because in the paper he quotes 
very high temperatures indeed as having been registered in the uptakes 
of the boilers on both those vessels. There is yet, no doubt, a great 
deal to be learnt, and probably the principal point to be learnt will be 
found to be how the boiler will stand the increased work to which it 
will be subjected. The advantages, of course, if it could be carried out 
on short distance stations would be very great indeed, because the 
difference between the ordinary draught and the forced draught, as 
described by the writer of the paper, say on the Folkestone station, 
would produce something very like an increase of a knot an hour in the 
speed of the fastest vessels on that station. This would be an enor- 
mous gain, and anything that Mr. Butler can supplement this paper 
with, with reference to observations made on the condition of the boil- 
ers at the conclusion of the trials, would adcl vastly to its interest. I 
am quite sure the Institution owes to him and to the Admiralty a deep 
debt of gratitude for having given us these their first experiments. It 
has been suggested that I should ask Mr. Butler what state the uptakes 
and the chimneys were found to be in at the conclusion of the trials after 
they had been subjected to this very high temperature of, say, 1,000 to 
1,200 degrees Fahrenheit. 

Mr. BoBEBT HuHPHBYS. My lord, I do not agree with Mr. Marshall or 
Mr. Butler in the statement that a 7-ft. bar is too long to be worked effi- 
ciently. In the case of the Oonqueror it was 7 feet 6 inches, and on the 
trial we certainly had fluctuations in the air-pressure in the stoke-holes, 
but in my opinion that was due to the fact of the difficulty we had in 
making the stokers realize that they were burning 40 per cent, more 
coal than they usually did with the steam blast, but towards the end of 
the trial the bars were thoroughly well covered, and we were getting 
the full effect from them. Mr. Marshall states, also, that he thinks that 
we should reduce our grate areas to the smallest, in order that we may 
use high air-pressure. I venture to differ entirely with him there, 
because if you work with high air-pressure it is more difficult to man- 
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age, and your bars get dirtier sooner, because they burn a greater quan- 
tity of coal in a given time. Mr. Marshall has also told us that he has 
obtained in the loc^^^otive boiler 20 horse-power per foot of bar. I 
have no doubt a great many members here will be very glad if he will 
tell us under what circumstances he did that. Unfortunately, we have 
had some experience of locomotive boilers, and we have not exactly 
been able to do it. Making experiments in one's own yard and making 
experiments on board ship I find are totally different things. Captain 
Noel in his paper read yesterday stated that he was afraid that inclosed 
stoke holes would lead to a scare amongst the stokers if any sudden 
rush of water were to come in. I would like to point out that the 
arrangement carried out in the Conqueror is really safer than an ordi- 
nary stoke-hole, because men could get out by proper steps fitted on 
the bunkers through the doors in the covering plates, and then through 
the double doors of the engine-room. In the event of steam-pipe or 
boilers being damaged the men would be practically safe, because they 
have an outlet into the engine-rooms through the doublj doors. Mr. 
Butler comes to the conclusion that as the air-pressure increases the 
consumption of fuel proceeds at a much higher rate than that of the 
power given to the engines. Consequently,! think his ideas would co- 
incide with mine, that the better plan would be to lower the pressure. 

Mr. R. H. Andrews. My lord, I think it will be very interesting 
to the meeting, if Mr. Butler will kindly tell us what was about the 
thickness of the fires in the Satellite's and Conqueror's boilers during 
these trials. We are inclined to associate the results of these experi- 
ments with those of the locomotive type of boilers, where we find the 
fires varying in thickness from 14 inches to 2 feet, and in some cases 
more than that. When working with forced draught, it is absolutely 
necessary to have the fires much thicker than with ordinary (natural) 
draught. The Conqueror's furnaces are only about 3 feet 4 inches diam- 
eter, and assuming the dead plate to be about two inches above the 
center, it only leaves about 1 foot 6 inches from the top of the bars in 
front to the top of the furnace, and if there is a thickness of fire of only 
1 foot at the beginning of the bars, which is practically at the mouth 
of the furnace, how is it possible for the stokers to put back coal 
enough at the end of 7-feet bars to keep them well covered ? I must, 
therefore, beg to differ from Mr. Humphrys that these 7-feet bars can 
be kept sufficiently well covered for working with forced draught. Long 
bars caunot be so efficiently fired as short ones, and I find, from many 
years' experience with torpedo-boat boilers, that it is practically impossi- 
ble to fire efficiently bars more than 5 feet 6 inches long, that is, to main- 
tain a thickness of fire up to 14 inches, and that a stoker has quite as 
much as he can do to fire a furnace of 25 square feet in area, when burn- 
ing 80 to 90 pounds of coal per square foot of fire-grate per hour, to keep 
the bars well and evenly covered; and if they are not kept well cov. 
ered I am sorry to say we know too well that the tubes will soon begin 
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to leak. This is the case with the locomotive type of boiler, and proba- 
bly would be also with the Satellite's, where the flame impinges directly 
on* to the mouths of the tubes. I think that in designing boilers of the 
Satellite's and Conqueror's type, to be worked under forced draught, 
we must go in for much larger furnaces, say 4 feet in diameter. This 
will cause a corresponding reduction in the length of the bars, and admit 
of their being fired efficiently. It will also be interesting to the meet- 
ing to know what was the pressure of air in the furnace, in the combustion 
chamber, in the smoke-box, and at the root of the funnel in each ship, 
80 as to compare the loss of pressure due to resistance in each type 
of boiler. The quantity of coal burnt in each type of boiler cannot be 
compared by the pressure of air in the stokehole, as the pressure depends 
upon the resistence the air meets with in passing from one part of the 
boiler to another. In the Satellite's boilers the products of consump- 
tion go almost directintothe tubes from the furnace, and from the smoke- 
box straight up the funnel. This is similar to that of the locomotive 
type, but in the Conqueror's boilers the gases have to turn up from the 
furnace into the combustion chamber, then turn again at right angles 
into the tubes, and a third turn from the smoke-box into the funnel. 
We should, therefore, expect to find a great difference of air pressure 
in the stoke-holes of these two ships when burning equal quantities of 
coal per square foot of grate per hour in the same sized furnace, and, 
consequently, the air pressure is no measure of the consumption of coal; 
nor can the consumption be compared by the air pressures used in dif- 
ferent types of boilers, only in boilers of the same or similar types. I find 
with the ordinary locomotive type of boiler in torpedo-boats, that after 
steaming, say an hour, at full speed, the air pressure increases consid- 
erably, but there is no more coal being burnt then than at the beginning ; 
it is simply due to the increased resistance to the air and gases owing 
to the fire-bars, tubes, &c., getting dirty and partially choked. I would 
like to call attention to one thing in connection with this paper. We 
have been speaking of the "consumption of coal," but I think it would 
be far better to call it the amount of " coal expended." It is well known 
that we do not get so much benefit out of the coal used as we ought to 
when working under forced draught, and that in boilers of the locomo- 
tive and Satellite type a great quantity of coal is blown into the smoke- 
box and up the funnel in a partially consumed state, and at present there 
does not appear to be any means of avoiding this waste. I therefore 
think that under such conditions ''coal expended" is a much more ap- 
propriate term than "coal consumed." 

Mr. J. Wright. My lord, will you allow me just to say a few words 
before you close the discussion? Attention has been called to the very 
good behavior of the high boilers in the Conqueror as compared with the 
low boilers in the Satellite, and I think if Mr. Marshall will look at the 
drawing, where the boilers are not shown in detail, he will see as reasons 
for this that there is a very large amount of steam space, and the wat^er 
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spaces are also very good. Another thing Mr. Butler mentioned in his 
paper, although he did not read it, was that the feeding in the Con- 
queror was done by a separate feed-engine, and that the feeding waa 
remarkably regular. We *know that feeding from the main feed-pumps 
is very often irregular and spasmodic when working at high powers, and 
very often leads to priming. In this case the feeding wa« everything that 
could be desired. I am afraid that Mr. Humphrys is very much in the 
minority with regard to length of fire-bars. When the Conqueror's bars 
were shortened to 6 feet 6 inches, the results obtained were certainly, I 
think, better than with the longer bars, and the increase of air pressure 
that may be required to be given to fire-bars of moderate length that can 
be well worked would be very little. I am glad Mr. Humphrys has called 
attention to the comparative safety of the inclosed stoke-hole. It is a 
point that Captain Noel alluded to yesterday as a very serious matter, 
but I think that when men once get accustomed to it they will really pre- 
fer working in a closed stoke-hole to an open one. It is certainly more com- 
fortable, if you do not stand immediately under the fans; it is cooler and 
more comfortable in every way. Mr. Butler mentions in his paper that 
our neighbors, the French, have been ahead of us in this matter of apply- 
ing forced combustion in closed stoke-holes to ordinary boilers. The 
experiments that have been made here as yet are, in a measure, prelim- 
inary, and only to a certain extent of value. They are not of much value 
to the commercial marine at the present time. They would have been 
more so, I dare say, if we could have had given the coal consumption^ 
but I am afraid the effect of that would have been, upon those, at all 
events, who saw the rapid rate at which the coal went, rather to deter 
them from adopting the system. What I was going to say was this, 
that our good neighbors, the French, having gone ahead of us in this 
matter, we should be very glad if our distinguished member, M. de 
Bussy, would favor the institution, at some future time, with some 
, results of their trials under forced combustion. 

Mr. BuTLEB. There are not many points, my lord I think, I have 
to allude to, and I will not detain the meeting long. Mr. Marshall spoke 
of the long grates of the Conqueror's boiler being, in his opinion, un- 
workable. I must say I agree with him, and I must differ from Mr. 
Humphrys in that respect. I was present on the trials made in the 
Conqueror, when these long grates were fired, or attempted to be 
fired — because it cannot be said that they were fired efficiently when 
every now and then a rake had to be put in to the furnaces to level 
the fires. The furnace doors had to be kept open for some considera- 
ble time, and thus large volumes of cold air at considerable press- 
ure were driven straight in onto the backs of the tubes. With re- 
gard to the priming that I made reference to as being observed in the 
boilers of the Satellite, I endeavored to make it clear that this was 
probably only apparent because no water was observed to come over 
into the engine-room 5 but the effect it had on the people in the boiler- 
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room — the men in charge^ — was just the same as if it were real and the 
water had come over, because the disappearance out of the glasses ren- 
dered it necessary for safety's sake for the feed-engines to be put on to 
make up the apparent deficiency. With regard to the Conqueror's boilers, 
it must be recollected that they were designed to produce steam for the 
engines only sufficient for I he contract power when worked with the steam 
blast, and therefore, when they are worked with the air pressure, they 
appear to be extremely large in proportion to the size of the engines. 
Then, as for the question of lengthening the tubes in these boilers, so as 
to get a better result and a less temperature in the uptakes, it must be 
remembered that the boilers of these ships were, and for war ships must 
necessarily be, designed primarily to enable thenl to meet the require- 
ments of the ordinary work of the ship at all times, and the application 
of the forced draught in them will be very exceptional; in fact, it is not 
intended that the forced draught shall be applied except in cases of 
emergency or occasionally for a short time to enable the men to be 
trained in its use. Mr. Ravenhill asked what condition the fire-bars of 
the Conqueror and Satellite were in after these trials, and also the up- 
takes and chimneys. In the Satellite, in fact in both these vessels, the 
fire-bars are made of wrought iron, about 3J inches deep. No effect 
was observable on the fire-bars at all, but the fire-bridges of the Satellite 
were found to be slightly burned; no ill effect was observed on the up- 
takes and chimneys of either of these vessels. Mr. Andrews wished to 
know what thickness of fires we kept in the Satellite and the Conquerer. 
In the Satellite, so far as I can recollect,^t was about 7 inches, and in 
the Conqueror we attempted to keep 10 inches, and no doubt 10 inches 
were kept on the front bars, but it is very doubtful whether that thick- 
ness was maintained uniformly. I do not think there was any other 
point, my lord, that called for any remark from me. I beg to thank the 
meeting most sincerely for the manner in which my paper has been re- 
ceived. 

Mr. W. H. White. Will your lordship allow me for a moment! M. 
de Bussy will not ride himself, although I have been asking him to do 
so, but he asks me to be his mouthpiece, and to say that he will have the 
greatest pleasure in furnishing the institution with the results of the 
best French experience which he can put at the service of the institu- 
tion. 

The President. Gentlemen, I am quite sure you will allow me to 
express a double vote of thanks on this occasion; first of all to the writer 
of this most interesting, and, I venture to think, one of the most impor- 
tant papers which is likely to be read — to Mr. Butler, for the reading of 
that paper, and to our distinguished and honored friend, M. de Bussy, 
for the last announcement that he has made. I dare say you will pardon 
me a moment if I make an observation or two upon the discussion. I re- 
gret extremely, gentlemen, and I have no doubt many of you will regret 
with me, that no estimate has been given, apparently for some very good 
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reasons, of the quantity of coal burned, because really (I speak with 
some little knowledge upon this subject, because I live in a smoke 
country, and we ail know that smoke is practically, wasted fuel^ and 
those who live in a smoke country know what they suffer in conse- 
quence) economy of fuel is the great object that we are all seeking to 
obtain by the introduction of improved boilers and furnaces. In the 
long voyages it becomes a question of enormous magnitude, and the 
saving of fuel is really one of the. greatest questions at the present day 
in that view. There is another point, and that is this, that all the study 
of all our highly instructed engineers is of very little use, and is really 
thrown away in the improvement of this machinery, if those who have 
to use it «>re unable to use it properly. And that leads me to the ques* 
tion of stoking, which is one of the most important questions of all. 
How we are to secure at all times in the navy not only a suflacient sup- 
ply but a reserve of highly-trained stokers, is really one of the most 
important questions that can be dealt with as a national question. I 
merely wished to touch upon this subject, and I am very much obliged 
to Mr. Andrews for that important remark which struck me at the time 
when he called attention to the question of smoke, which, as I said be- 
fore, in practice really means wasted fuel. I am sure you will allow me 
to return jointly to Mr. Butler and M. de Bussy your united thanks. 
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XII. 

THE ADVANTAGES OF INCREASED PROPORTION OF BEAM TO 
LENGTH IN STEAMSHIPS. 

By J. H. Biles, Esq., Member. 

[Read at the twenty-fourth session of the lustitation of Naval Axchitects, 15th March, 
1883; the Right Hon. the Earl of Ravensworth, president, iu the chair.] 



My object in reading this paper before this institution is to give 
some of the advantages which have actaally been obtained by adopting 
increased proportions of beam to length in some steamers which have 
been built recently by Messrs. J. & G. Thomson, of Glasgow. This 
firm have for some time past made it a rule, in tendering for any ship 
of large size or high speed, to suggest an alternative design to that 
proposed by the ship-owner, and the modification has invariably taken 
the form of increased proportion of beam to length. In some cases the 
proposed modifications have been adopted, and the actual results of 
some of these ships are now laid before this institution. 

It will be remembered that it was the late Mr. Froude, in his paper 
on " Comparative resistances of some long merchant ships,'' who first 
brought prominently into notice the fact that it was possible, by in- 
creasing the beam and by fining the ends to get a form which, at high 
speeds, would have considerably less resistance than the ordinary mer- 
chant-ship form with ten beams in the length. The alternatives which 
he gave were, however, exceedingly fine-ended, and they did not appear 
to possess very much advantage at moderate speeds. Consequently 
they have not been much adopted, but since the reading of that paper 
there has been less tendency to look upon an increase of beam as likely 
to reduce speed, though there has been not much notice taken of the 
fact that this increase should be associated with an increase of fineness 
in the ends. It is necessary to note, therefore, in all that follows, thai 
whenever an increase in the proportion of beam to length is spoken 
of, it is assumed that it is accompanied by an increase of fineness iu the 
form. t 

Increased proportion of beam to length gives: 

Increased speed. — It is very difficult to deduce really reliable informa- 
tion as to the relative merits of different forms of ships from the results 
of their steam trials. The efficiency of the means of propulsion is a 
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large element in the gross result, and it is not possible in the present 
state of our knowledge to take a proper account of this efficiency. The 
only possible method of comparison is to choose ships somewhat similar 
in size^ speed, and elements of propeller, and from the results of their 
steam trials deduce the relative efficiencies of the form by means ot 
the Admiralty formula, or some similar one, which we know for small 
variations cannot be very far wrong. The comparative results cannot, 
however, be considered as accurate, but will give some rough guide to 
the relative merits of diflferent forms. 

The following are the particulars of two vessels built by Messrs. J. & 
G. Thomson. They are mail steamers, carrying cargo of such a nature 
that internal capacity is of more importance than weight-carrying : 
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These two cases I submit to this institution as a direct proof that the 
broad but fine-ended steamship B is a more economical form to diive 
than the larger, narrower, and fuller-ended form A. 

As may be seen by the coefficients, they are both fine ships, and there- 
fore the comparison is, in my opinion, a fair and a typical one. The dis- 
placement on trial was 5,500 tons in A and 5,900 in B. The particulars 
of the propellers are : 



A. 


Diameter. 


Pitch. 


Actnal 
sarfiftce. 


Bevolations 
at 15 knots. 


supper 


A 


18.6 
18.0 


28.6 
28.0 


102 
112 


63.6 
68.4 


15.8 


B 


14.5 







These propellers are both of comparatively small diameter for the 
power developed, but it is not necessary to state here why they were 
made so small. They are not very dissimilar, except in the surface, 
which is 10 per cent, greater in the case of B than A. As well as I have 
been able to determine from the data at my disposal, it appears that 
within certain limits a considerable alteration may be made in the sur- 
face of a propeller, and the result obtained may not be much altered 
in smooth- water speeds. The forms of the two propellers are very simi- 
lar. Whatever advantage there is in diameter will most probably be 
in favor of the propeller of A. Whatever difference there may be, can- 
not be great compared with the whole difference in the results. The 
only other difference which may have affected the result is the state of 
the bottom. A had been launched five, months before trial, and her 
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bottom had not been painted again below the 10-feet water-line. B had 
been docked three weeks before her trial. This, however, could not 
have caused much loss of speed, as we have always found that vessels 
which have been lying in Messrs. Thomsons^ wet dock, when they have 
gone into dry dock, have been practically as clean as when launched. 
Further, we have tried several vessels on the Clyde before docking, and 
they have been tried at Stokes Bay immediately after docking, and gen- 
erally with very little difference in the result, the greatest discrepancy 
amounting to 6^ per cent. 

The Admiralty constants show that the vessel B was nearly 30 per 
cent, better than A. In further confirmation of the superiority of the 
broader ships, the following two cases are given : 





Length. 


Breadth. 


Molded 
draught. 


Block 
coefficient. 


Prismatic 
coefficient. 


Kirk's 
angles. 


Indicated 
horse-power 
at 14 knots. 


Admiralty 

constant at 

14 knots. 


c 


365 
365 


43 
45J 


17.1 
17.4 


.588 
.513 


.656 
.624 


8.37 
8.41 


2,910 
2,740 


257 


D 


282 







In these cases there is a difference of 10 per cent, in favor of the 
broader ship. These vessels had lain about the same time in the water 
after launching, and had not been docked previous to their trials. Their 
propellers are very similar, being as follows: 





Diameter. 


Pitch. 


Actaal 
sarfaoe. 


Revolutions 
at 14 knots. 


c 


17.6 
17.6 


26.6 
25.6 


95 
90 


61.8 


D 


61.5 







Though there may be some reason for doubting the whole of the ad- 
vantage in the case of A and B, there appears to be quite sufficient^ to 
warrant one in saying that increased proportion of beam to length gives 
greater speed when it is combined with finer ends. 

The displacements of A and B at 24 feet molded draught are 7,690 
tons and 7,240 tons respectively. Assuming that the total weight of 
hull and machinery are the same in the two cases, it will be necessary 
to increase the dimensions of B to length 386 and the breadth to 46.4, 
in order that the two ships may carry the same total dead- weight of 
coals and cargo on commencing a voyage. From data obtained from 
ships built to Lloyd's three-deck rules it appears that the vessel B en- 
larged would not exceed A in the weight of hull more than 1 per cent., 
the depth being the same. 

The difference in first cost in the two vessels, A and B, as enlarged, 
would not be more than 5 per cent., but the difference in horse-power, 
and' therefore in coal consumption, for the same speed would be at Least 
10 per cent. Assuming that a vessel of this class cost £90,000, and 
that the machinery cost about £40,000, the extra first cost on the vessel 
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will be about £4,500, and the decreased first cost on the machinery 
about £4,000, or a total increased first cost of £500 for a decreased con- 
sumption of ftiel of 10 per cent., which is equal to at least £1,000 per 
annum. This is assuming that the same total weight of coals and cargo 
be carried as in A, but obviously a decreased coal consumption means an 
increased cargo-carrying on the same draught. The actual dimensions 
which would give the same cargo-carrying in the two types, after pro- 
viding sufficient coal for the voyage, must depend upon the length of 
the voyage, so that each case must be decided according to its special 
circumstances. 

Increased proportion of beam to length allows of increcbsed dq^thfor 
the same amount of initial stability. To show the difference in initial 
stability due to the position of the metacenter, the curves in Fig. 1 
(Plate I) are referred to. From these it will be seen that for the same 
position of C G, the metacentric height in the light condition may be 
increased by about 1.1 feet in passing from A to B, and .6 feet in passing 
from C to D. To a ship which has a negative metacentric height of over 
2 feet in the light condition, as several large ships trading to London 
have, this addition would be of the greatest value in the successftd 
working of the ship in dock. If, however, the stability in the narrow 
type has been found to be sufficient, a considerable addition may be 
made to the depth of the vessel when the proportion of beam to length 
is increased. The advantages due to this extra depth are : 

Increased strength due to the increase in the depth of the virtual girder 
which the ship forms. 

Increased finite stability ^ on account of greater freeboard. 

Increased surplus buoyancy^ on account of greater freeboard. 

Increased internal eapoAsity for cargo. 

If the cargoes are generally dead -weight, this increased capacity will 
be useless for cargo purposes, and will be costly for maintenance, on 
account of the extra tonnage dues which must be paid. If, on the other 
hand, the cargoes are light in density, the extra capacity will be of 
value, and if the increase of proportion of beam to length be made with 
the increase of depth, a point must be 'reached where limitation of 
amount of cargo which can be carried will be the same as in a dead- 
weight trade, viz, draught of water and freeboard, and in that way all 
cargoes may be reduced to the same basis as a dead- weight one. One 
consequence of this will be, that the saving of weight which follows the 
adoption of steel will be as remunerative in a ship carrying light as in 
one carrying heavy goods. 

It may be remarked, however, that generally an increase of depth is 
not a necessity of increased proportion of beam to length, as few ships 
have too much initial stability, but that if an increase of beam gives 
too much initial stability it is easy to reduce this stability by increasing 
the depth of the ship. 
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Increased proportion of beam to length gives of itself iner eased strength 
to the ship longitudinally by — 

(1) Generally reducing the absolute length of the ship, and thus re- 
ducing the straining action due to length. 

(2) Increasing the breadth of the decks and the bottom amidships, at 
which points the ship receives the greatest straining action. This is 
most increased in the decks, as the openings in the deck are not in- 
creased with the beam and consequently the increased breadth is put in 
where the structure is not cut. For instance, in A the upper deck, less 
machinery openings, is 26 feet wide amidships; in B it is 29 feet, or 11 
per cent, more, whilst the beam is only 7 per cent. more. 

The section of A and B to Lloyd's scantlings for three-deck ships built 
of steel gives a stress of 9.5 tons and 4.8 tons respectively per square 
inch on the upper deck, on the assumption that 

Bending moment =?^5?l?^551^Jiii^5Mth. 

Increased proportion of beam to length gives of itself increased ramge 
and amount of stability. The curves of stability of A and B are given 
in Fig. 2 (Plate I), on the assumption that the molded depth and the 
vertical position of the center of gravity are the same in both cases. 

Fig. 3 (Plate I) shows the longitudinal distribution of buoyancy in 
the vessels A and B at the mean draught on trial. Fig. 4 (Plate I) shows 
similar curves for and D. Figs. 3 and 4 show similar curves for A 
and B and for and D, but at the deep load line assumed, the same in 
all cases. Fig. 3 shows similar curves A and B enlarged to A's displace- 
ment. Fig. 4 shows similar curves for D and for enlarged to D's dis- 
placement. Figs. 5 and 6 (Plate II) give similar curves showing the 
loDgitudinal distribution of the internal capacity of the ships. 

These have been included, as they afford a ready means of comparing 
the forms of the ships, and it is thought that they may be interesting. 

NoTK. — The metacentrio diagram of Bteamer £ is given to show that a very consid- 
erable increase may be made in the beam without raising the metacenter much, pro- 
vided that the ends of the ship be fined. 



DISCUSSION. 



Mr. W. EiGHABDSON. Might I just ask a question for information as 
to this very interesting paper? By reference to the paper Mr. Biles 
will see there are 15 knots to steamers A and B, the one with over 5,000 
and the other with under 4,000 horse-power. In another table the revo- 
lutions at the same speeds seem to be almost precisely the same. The 
question I wish to ask for information is, were the cylinders of one ship 
much larger than in the other ? The indicated horse-power in the one 
is very much larger than that in the other, and the revolutions are the 
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same. Therefore I want to know, were the cj'liuders greater to give 
that indicated horse-power or was it got in some other wayf 

Mr. James Hamilton, Jr. At the very threshold of this paper the 
author seems to find it necessary to disclaim having been led away by 
the comparative resistances of long ships made by Mr. Fronde. He seems 
to find it necessary to disclaim having made the mistake that many of 
oar friends have made in working from those experiments. I think the 
experiments (it is no fanlt of Mr. Froude, it is the fault of the people 
who fall into the error) gave the length and breadth of ships, but I 
think there was no coefficient or any means by which one could readily 
discover what the forms of those ships were. The forms of those ships 
were excessively fine that Mr. Froude tested, and I believe many people 
have fallen into the error of having increased the proportion of breadth 
to length of ship without having taken care to fine the ends. 1 think 
Mr. Biles is to be congratulated that he has not fallen into this error ; 
that he has erred on the safe side; because I hold that this ship B, and 
in the other example thi^ broad ship D, as compared with 0, are, in the 
true sense of the word, finer ships than the other ships are— considerably 
finer. Of course, Mr. Biles may not agree with me in that, and there 
may be many gentlemen who may not agree with me, but it depends 
altogether upon the measure that we are to apply to fineness and fullness 
of a ship. Model experiments alone, I believe, will determine properly 
what is the proper measure of fineness and fullness, and, I suppose, it 
comes to this, that the ship that goes with the least resistance is the 
finer ship, and the ship that has most resistance is the full ship, that is, 
in dealing with different proportions of length to breadth and fineness 
of form. In the absence of model experiments, I have been in the habit 
of taking the breadth plus the draught of water multiplied by a coeffi- 
cient — the coefficient of fineness; and I find that this measure agrees 
with those four vessels given by Mr. Biles, if taken at what might be 
regarded as the full speed of those ships, something like 14 or 15 knots, 
very closely, and measure the fineness or the fullness of those ships; in 
fact, the resistance, I think, follows within 7 or 8 per cent, of that meas- 
ure. Do not misunderstand me. I do not put this forward as a measure 
to be put in competition with the Admiralty formula, because the ques- 
tion of speed does not come into it at all. It might take the place of 
D§ perhaps, or the area of the midship section, but it is simply a meas- 
ure for dealing with ships when they are put into the shape that Mr. 
Biles has put them into, when the ships are about the same lengths and 
when the speeds and displacements exactly correspond. Now, I have 
put these vessels into that shape, and I find that A would be represented 
by 38.89 and B by 39. Therefore, I think B is to all intents and pur- 
poses the same as A, and we would expect that she would take the same 
horse-power to drive her, but she did take less horse-power. In the same 
way C is represented by 35.3 and D by 32.26, so that D, measured in 
that way, is a finer ship than O. By these figures, taken as the rule of 
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three, the displacement of A being 5,130, the horse-power would be 5,140, 
whereas the actual horse-power, I think, was 3,940. I do not agree with 
Mr. Biles, and I think he has some hesitation himself in saying that a 
ship that has been lying in the Clyde for five months would have no 
greater resistance than one that has been lying only three weeks. In the 
only direct experiment that we had occasion to make, we found that after 
having taken a vessel upon a slip and painted her bottom, we really got20 
percent, more speed. I am quite sure there would be a very considerable 
differencein the resistance between a ship that had been lying in the Clyde 
five months and one that had been lying only three weeks. At the 
same time, even when we have made this allowance, it seems there is a 
fair balance in favor of the broad ship when she is fined to the same ex- 
tent that this vessel has been. I do not know that the four examples, 
though they are very valuable, are sufficient to enable us to State accu- 
rately that the resistances of broad ships and fine ships would be quite 
as represented in this paper, but I think the greatest credit is due to 
Messrs. Thomson for having put the results of four such large ships as 
that before us. Few firms can put such an array of data as that of four 
large steamers before us, and I think they deserve the greatest credit, 
and Mr. Biles also for having worked it out. 

Mr. J. Inglis, Jr. My lord, I think the title of this paper might have 
been better worded; it might have been, "Upon the disadvantages of 
increased proportion of length to beam in steamships," for this reason, 
that the increased beam can scarcely be called an innovation so much 
a« a return to the traditiouR of our elders, which we have perhaps dis- 
carded a little too readily. I do not think it is necessary to go back to 
the book of Genesis for the specification of a very old vessel, which was 
perhaps not tbrmed so much for speed as for seaworthy qualities; but 
if we only go back as far as 1866, to the transactions of this Institution 
for that year, we find there that it was gravely argued whether a vessel 
was not made unseaworthy by being made eight beams in length. And 
a very distinguished member of this Institution, Sir Edward Beed, I 
remember deprecated the idea that it should go forth to the world as 
the opinion of this institution that the London foundered because she 
was excessively long; because he, for his part, did not think she was an 
excessively long vessel. The London was under seven and a half beams, 
so that the advantage of beam seems to have been recognized even in 
' those days as a good thing for seaworthiness. So far as regards the 
advantage in some cases of an increase of beam for speed, my own ob- 
servation quite corroborates what Mr. Biles says, only I think that the 
dimensions of an ordinary merchant ship have not been ten beams in 
length for so very long as to give that proportion the authority of an- 
tiquity. It is quite within the recollection of all of us when a vessel of 
ten beams was considered almost a monstrosity in length. Mr. Biles 
has certainly done very good service in pointing out that even more 
moderate lengths might be too long for purposes of speed, and that the 
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increase of beam of a vessel of even less than eight beams in length 
might be attended with advantage. I remember in 1865 we were asked 
to construct two small paddle-steamers for the river Clyde, and we made 
an experiment then which was very interesting, and the result was the 
exact opposite of what all the wise people in the neighborhood predicted. 
We built one vessel to 195 feet in length by 22 feet in breadth. The 
other vessel was 190 feet long by 23 feet in breadth, that is to say, 6 feet 
shorter and a foot broader ; the displacement was the same ; the engines, 
boilers, paddle-wheels, and everything exactly the same, ajad the shorter 
vessel went fully a knot faster than the longer one. Of course, her 
draught of water was less. But the displacement was the same, and 
the advantage in speed was what I have said. Another point is this. 
Mr. Biles, of course, knows perfectly well — as well as anybody, and I 
do not think he haa laid sufficient stress upon it — that in talking of the 
advantage of beam and fine ends he is speaking of those fast mail 
steamers that Messrs. Thomson have built so many of. I do not think 
he would claim so much advantage for his proposal in the case of mer- 
chant vessels to carry heavy cargoes at low speeds; in fact, if you look 
at the tables of the vessels A and B, as far down as 12 knots, the long 
vessel has rather the advantage, and I think it certain that at speeds 
such as 8 or 9 knots the long vessel would have very much the advantage. 
If I am not mistaken, that was pointed out by Mr. Froude in some of 
his papers — that, on account of the skin friction being the most impor- 
tant element in the resistance at low speeds, the effect of form was not 
so marked in the results as the effect of the diminution of the amount 
of skin, which perhaps could be made less in a long parallel- sided ves- 
sel. The comparisons I have made at any rate lead me to the conclu- 
sion that for the heavy weight-carrying ship of a low speed a broad 
vessel with fine ends is not tne best form 

Mr. R. B. Froude. My lord and gentlemen, I did not quite under- 
stand Mr. Hamilton's reference to my father's paper on the compara- 
tive resistance of long and short ships. I understood Mr. Hamilton to 
say that there was nothing in that paper to indicate the peculiarity of 
form which was recommended to accompany the increase of breadth. I 
understood him to say that increase of breadth was recommended, but 
that increase of fineness of ends was not laid stress upon. I therefore 
wish to point out that the lines of the forms which were compared were 
on the diagrams accompanying the paper and printed in the Transac- 
tions. Perhaps I misunderstood Mr. Hamilton's meaning, but I think 
the paper sufficiently made clear the characteristics and differences of 
form upon which the gain in the performance depended. In reference 
to the comparison between the ships A and B, Mr. Biles gave reasons 
for supposing that the gain in the performance in the ship B was not 
due, or was not by any means entirely due, to any excessive resistance 
due to friction of skin in the form A. Mr. Hamilton contests this, and 
says that he thinks the ship certainly should have been foul if she 
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remained iu the water so long. There certainly seems some reason in 
that, but there is in the internal evidence afforded by the results 
ground for supposing that the friction was not excessive in the ship A, 
in the fact that at the lower speed the performance of the ship A is the 
best of the two, and- as skin friction is most important of all at low 
speeds 1 think that certainly the ship cannot have had any very great 
excess of skin friction. I certainly feel myself personally very great- 
ful to Mr. Biles and Messrs. Thomson for doing so much to introduce 
the principle which was advocated by my father in that paper into 
practice in the mercantile marine. I should wish, however, to point out 
one qualification in particular which my father introduced in advocat- 
ing that principle, which was this. Mr. Biles is here dealing with re- 
sults of trials in smooth water. Now, it is certainly the case that a 
diminution of the fullness of the ends and concentrating the displace- 
ment in the middle of the ship and removing it from the end is cer- 
tainly likely to make the ship pitch, and it is not only objectionable 
on that ground, but the performance of such a ship in a seaway would, 
from that reason, be comparatively less favorable than in still water, 
because the pitching must certainly rather tend to increase the resist- 
ance. So that it is probable the gain in the performance which we find 
in these trials to be realized by ships with fine ends in still water is 
greater than they would evince in practically working at sea. 

Mr. W. John. My lord and gentlemen, when we compare the dif- 
ferences between A and B ships and C and D ships, I would like to 
draw attention to this one fact, that in A and B the propellers are al- 
most identically alike, and there is not such a very large difference be- 
tween the horse-power for the particular speeds, although the increase 
of beam is nearly as great in the one case as in the other. But in the 
comparison between A and B there is a diff'erence of 6 inches in the di- 
ameter of the propeller, 6 inches in the pitch, and while the diameter 
and pitch are reduced, the surface is increased by 10 feet. I do not 
know whether there was any difference (perhaps Mr. Biles can tell me 
as I go on) in the immersion of the screw in those two ships. Were 
they at about the same draught? 

Mr. J. H. Biles. They were both well immersed, I think. One was 
immersed about 18 inches, and the other probably 22 or 24; they were 
both well immersed. For all practical purposes they were practically 
the same in immersion, I think. 

Mr. John. 1 think it is quite possible. While I entirely agree with' 
Mr. Biles' idea, following Mr. Fronde's ideas, and following ideas that 
prevailed even before Mr. Froude demonstrated it, that, by increasing 
the beam of ships and fining the ends, you can get better speed with 
the same power, I have had a little experience lately which induces me 
to think that there may be even more in those little differences in the 
propellers of those two ships A and B than even in the foulness of the 
bottom or in the difference of skin friction, I will give you a couple of ex- 
2872--.No. 16 14 
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amples with regard to two sister ships that I have had ou trial compara- 
tively recently. For experimental purposes the screws and the spare 
screws were made slightly different. There was not more than a differ- 
ence of 6 inches in the diameter, and verj^ little more difference in the 
pitch than that. We put on our favorite screw at first, because we 
thought we should develop the power and get the speed easier. And 
we did not within about a quarter of a knot. Then we put on the 
coarser screw, and we got scarcely such a good result. We just tipped 
the ship up, altered the trim a foot, which would bring the screw 6 
inches more out of water, and I must saj^ it was purely to my mind a 
toss-up whether we should improve — I thought we should improve mat. 
ters, but I will defy any one to prove it beforehand. The result was 
that we got nearly half a knot more speed, the ship's bottom exactly 
the same and the ship exactly the same. We had almost an identical 
experience with the sister ship within a couple of months after that. 
Therefore, I am sorry that there is so much diff'erence between the 
screws of those two ships, because I think it is quite possible that the 
difference may arise from that quite as much as it might from either 
of the other causes assigned here. There is only one other remark I 
would make. I think, now we have started increasing the beams of our 
ships and fining the ends, we shall probably go on until we are brought 
up by the one simx)le question of stability — that we shall go on increas- 
ing the beams, we shall get better performances, until we get the ships 
so stiff that they will begin to roll and become uneasy ships at sea, and 
then we shall begin a retrograde movement, and the sooner we can re- 
alize that position and steady our oscillations and not go too far in the 
one direction or the other, the better it will be for the mercantile ma- 
rine. 

Mr. E. Withy. My lord, I should like to point out a difference between 
the two ships A and B. If you refer to the first table on page 155 there 
is a difference of draught of 2.1 feet. I should like to ask Mr. Biles if 
he can give us the figures of the displacement of those two ships at those 
respective draughts. It will be a valuable addition to the paper, I 
think. I presume that the co-eflficients are taken at the draughts given. 
Perhaps he could confirm that. Then I should like to point out that 
with regard to the indicated horse-power, it is identical for both ships 
at 13 knots and is more for the broad ship at 12 knots. Perhaps Mr. 
Biles will give us some explanation of that, or some theory with regard 
to it. 

Mr. J. H. Biles. My lord, in replying to these questions I will take 
them in order, if you will allow me. Mr. Richardson has asked whether 
the engines were the same. The volume of the cylinders were about 
the same in the two cases, but in the case of B, that is a three-cylinder 
engine, and A is a two-cylinder engine. The capacity of the boilers 
is a little more in the case of A than in the case of B, but the press- 
ure at which the boilers were working was considerably more in the 
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case of A than in the case of B — about 15 poands mean pressure. 
With respect to Mr. Hamilton's remarks about the measure^of the 
fineness of a ship, I have had the pleasure of reading a paper he read 
at an institution in Scotland on a similar subject to this, and in which 
he explained that j but I have not been able thoroughly to appreciate 
the value of this coefficient. I do not care to say anything more about 
it at present, because I hope, before Mr, Hamilton's paper comes on 
to-morrow nij-ht, to be able to get a little appreciation of it,* and also 
to be able then perhaps to say whether, in my humble opinion, the 
thing is of as much value as Mr, Hamilton thinks it is, 1 have some 
data worked up in connection with it, but I have never been able to 
properly digest them in order to give anything like a definite opinion on 
the question. Perhaps, my lord, you will allow me to ask Mr. Hamilton 
a question f > 

The President. By all means. 

Mr. Biles. He says he tried a vessel on the Clyde. He tried it be- 
fore docking and after docking, and got a difference of 20 per cent, in 
the speed. I think there is a little error in that. If there is n6t, I 
should like to know what the absolute speed was. 

Mr. Hamilton. Did I say 20 per cent.? 

Mr. Biles. Yes. 

Mr. Hamilton. The actual speed before docking was lOJ, and we 
got half a knot more. Of course that is a very different thing. I with- 
draw the 20 per cent. 

Mr. Biles. That is about 5 per cent, on the speed, which probably 
means about 15 per cent, on the horse-power. Assuming Mr. Hamil- 
ton's figure of 15 per cent., instead of taking the figure I gave, 6 J, still 
leaves the broad ship 15 per cent, to the good; 30 per cent., as I have 
shown, is probably considerably on the wrong side; that would still 
leave it 15 per cent, better. I would make it compare more favorably 
with the cases O and D, as given where the difference is given as 10 
per cent. I do not wish to claim any credit for proposing this increase 
of beam. As Mr. Inglis says, you want to go back as far as the Book 
of Genesis before we get to the person who deserves the real credit for 
the particular proportions. But though I do not wish to bring in the 
Book of Genesis I did not intend this paper to be a Book of Revelations. 
Mr. Inglis has said with regard to the question of narrow ships, that 
the narrow ship is the better ship for slow speeds. Mr. Hamilton — 
I am sorry to drag him into the discussion again, but he has worked 
up some very valuable data in connection with that, and I must leave 
him to reply to that remark in his paper to-morrow night, and I think 
he will be able to lay some data before Mr. Inglis for his consideration 
which may alter his opinion. I am very much obliged to Mr. Froude 
for the commendation he gave with respect to the paper. With regard 
to Mr. John's criticism, I thoroughly appreciate the difficulty of com- 
paring results of trial trips, as I have mentioned in the paper. . I have 
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a lot more results than these, which might have been brought out, but 
they did not appear to fit in very well. I will not say they do not fit 
in with the theory, but there are certain things that might be taken 
exception to, such as Mr. John has suggested ; the difference of pro- 
peller, for instance. . The broad ship generally shows a better result 
than the narrow ship, yet there are differences in the propeller which 
may or may not have accounted for it. To give an instance alongside 
Mr. John's, I know of two ships of the same dimensions, practically the 
same form; thpy both have the same diameter and the same pitch of 
propeller, but one has a surface of 72 feet and the other of 91 feet, and 
those vessels are practically the same in speed — not only in speed over 
the measured mile, but in speed over long ocean voyages taken over 
several years now. That seems to be rather a remarkable result. Any 
one w^o has considered this question must know there are many pecu. 
liarities in connection with this question of the screw propeller, but the 
only thing I could do (and 1 submit it to the consideration of this Insti- 
tution) was to bring the results, which were as nearly as possible alike, 
in order that this uncertain element could be as nearly as possible elimi- 
nated. It may be that even that small element does introduce a large 
difference, but I do not think that the small difference in the propellers 
is so likely to produce a large difference as the large difference in the 
propellers would be. The displacement of the two ships on trial, I 
think, Mr. Withy will find is given in the paper. One is 5,500 on trial, 
that is the ship A, the narrow ship ; and the ship B has a little more 
displacement, 5,900. The difference of the displacement, of course, is 
taken account of approximately in the Admiralty formula. The Admi- 
ralty displacement constant is shown there, so that the difference given 
by the constant is 216 instead of 280. I think, gentlemen, that is all I 
have to say, ^ 

The Peesident, I am sure you will let me thank Mr. Biles for his 
excellent paper, which exhibits all the care that he invariably takes in 
preparing his papers. Nothing strikes me so much in the proceedings 
of this institution as the extreme care and research which our young 
men show in preparing their papers. 
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XIII. 

A SELF-PROPELLING, SELF-CAREENING FLOATING DOCK. 

By G. B. Rennie, Esq., Member of Council. 

[Read at the twenty-fourth session of the Institution of Naval Architects, 16th March, 
1883; the Right Hon. the Earl of Ravexs worth, president, in the chair.] 



On the 18th March, 1869, 1 had the honor of reading a paper before 
this Institution "On the iron floating dock of Carthagena, its propor- 
tion and relative stability," in which, after describing the capabilities 
of this dock, I gave the results of certain experiments on the stability 
of different sectional forms of floating docks, with and without the 
weight of ships on them. Suggestions were also given as to an im- 
proved form of dock for being towed across the Atlantic. The president 
(then Sir John Pakington) made this remark in winding up the dis- 
cussion : " I think we are much obliged to Mr. Eennie for the able paper 
he has given us, combined with his very important practical experience. 
Although I am afraid it does not bear much upon the question of con- 
veying docks to th^ir ultimate destination, &c." And again, a year 
later on, he says, "Every naval man who hears me will concur in the 
opinion that nobody could contribute a more valuable addition to naval 
contrivances than to invent a really efficient floating dock, and not only 
a floating dock, but a dock which, when afloat, may go to any part of 
the world." 

I trust, therefore, the above-mentioned remarks will be sufficient 
reason for the paper before us. 

A dock, to do what is required, must not only be capable of being 
propelled, but must have ready means of cleaning the under-water 
parts, in order to insure the speed being maintained by preventing un- 
due resistance, besides all the conveniences of docking ships with safety 
and expedition. As far as an efficient floating dock for docking ships, 
this has been solved by the systems adopted both at Carthagena and 
Bermuda. The cleaning of the under- water parts in both these exam- 
ples has been successfully accomplished, each in a different manner ; 
but the self-propulsion of a dock combining these qualities has yet to 
be done. 

I propose to accomplish this — 

1st. By making the dock of suitable form and strength, so that ships 
may be easily docked without the use of either gates or caissons (as at 
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Carthagena), and of a form easily propelled at a moderate speed through 
the water. 

2d. To make the pumping machinery for emptying the dock also 
serve the purpose for propelling it through the water. 

3d. By giving the dock such a sectional form, that by means of water 
ballast it may be careened over first one side and then the other up to 
the keel line. 

No. 1 may be best explained by reference to the drawing and model. 

K'o. 2. The means proposed for this is utilizing the machinery for 
pumping out the dock for propelling it, by means of the water dis- 
charged in the contrary direction to which the dock is to be propelled. 

The example best known of this system of propulsion is that of H. 
M. S. Water witch, but which, compared to similar ships, such as the 
Viper and Vixen, propelled by twin screws, did not give such a good 
result of speed for power. 

Thus, the Waterwitch gave only 9.3 knots, with 760 i.h.p., whereas 
the Viper gave 9.6 knots, with 696 i.h.p. This difference seems to me 
to be fully accounted for by the small propelling area of the water jets, 
only about 5J square feet in the Waterwitch, whereas the disc area of 
the two screw propellers was 127 square feet in the Viper, or as 1 : 24. 

Mr. White, in his '' Manual of !N"aval Architecture," discusses the whole 
question very clearly, and with his views generally in the matter of 
water-jet propulsion 1 quite agree. 

In ships of the usual construction the water-jet propellers seem to be 
difficult of application, in consequence of the large inlets and outlets 
that would be requireid for the passage of the water to give a good re- 
sult as compared with screws or paddles. In the case, however, of a 
floating dock the case is quite different. Here large pumping power is 
required for emptying the different compartments, and this can be dis- 
tributed along the length of the dock on either side, and although the 
power for emptying the different compartments of the dock would not 
be required to the extent necessary for propulsion even at a very mod- 
erate speed, there would be no disadvantage in having a surplus power 
for that purpose. The maximum speed that seems to me to be neces- 
sary for a floating dock to be propelled to its destination, or from port 
to port, should not exceed five knots, and probably four knots would 
be found sufficient. The propelling power for such a speed, with the 
necessary propelling area, such as would be considered a proper pro- 
portion if the paddle or screw were adopted, could easily be distributed 
in several sets of pumps and engines, with separate suctions and dis- 
charges, on either side of the dock ; the area, pressure, and velocity of 
the discharged water being made in proportion to the propelling speed 
required. In the drawing shown, which is for a dock 350 feet in length, 
and suitable for ships of 4,000 tons' weight, six sets of engines, pumps, 
and discharging nozzles are shown on each side, which may be com- 
pared in their disposition to the oars or paddles of a boat or canoe. 
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3. The careening of the dock would be effected by utilizing the 
pumping machinery for filling the water-ballast chambers on either side. 
The engines would then be stopped and all made secure for careening, 
when the sluice valves on the side to be raised out of water would be 
opened, the dock would gradually heel over, and assume the position 
shown in Plate I. The form of the section, the center of gravity of 
weights, and the weight of water ballast have all to be carefully con- 
sidered and calculated in order that the dock may be careened over, so 
as to expose the under- water part up to the keel. When one side is 
done the same operation can be performed for the other side. 

In conclusion, it seems that the necessity of dry-dock accommodation 
is increasing all over the world in proportion to the increase of ships 
both naval and mercantile, and the more general adoption of iron or 
steel in their construction. .There are many places where masonry dry 
docks are practically impossible to construct, and the time and cost to 
construct them in other places is a bar to doing so. That patent haul- 
ing- up slips are only suitable for small vessels under 2,000 tons. That 
to re-erect abroad or tow a floating dock to its destination is often a 
most difficult and expensive matter. That the want of dry-dock accom- 
modation would be fulfilled by making it self propelling and navigable. 
That the balance of advantages of doiug this is, propulsion by means of 
water jets as described. That such a dock, having all the maritime 
rights of other ships, would be able to enter and anchor in many ports, 
and there dock ships without connection with the shore ; and although, 
perhaps, the speed of five knots might prevent it accompanying a fleet, 
it might meet it at the port of rendezvous and be ready to examine and 
clean the under- water parts of the fast cruisers and other suitable ships. 



DISCUSSION. 



Mr. LiaaiNS. My lord, I think this is a very valuable paper, and a 
most sensible and practical suggestion. I make that remark because I 
have had some little experience among the different West Indian Islands 
of the great inconvenience occasioned, and sometimes the abandonment 
of ships, in consequence of there being no dock to take them, or any 
means of getting any disabled ship to the only dock in the West Indies, 
situated at St. Thomas. If St. Thomas dock had the power of moving 
to another island, it might probably be the means of saving for future 
use a ship of 3,000 or 4,000 tons. The allusion to the Waterwitch in 
the sense in which reference was made was all very well, but the Water- 
witch was a comparative failure, because she, for speed purposes, did 
not succeed in attaining her speed in the same economical way that 
screw ships do; but still, at the same time, that is no reason this dock 
should not go at a slower pace, even if at a little extra cost, than she 
might do if propelled by a screw. Therefore water propulsion is a very 
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nice and ingenious adaptatfon of the machinery which she has on board 
for pumping purposes, and that, it seems to me, would act efficiently at 
the slow rate of speed at which it was necessary to go through the 
water. I think, again, that the same application of water-propelling 
force is most ingeniously applied in the way Mr. Eennie proposes to 
careen the vessel, and enable him to do those necessary repairs in paint- 
ing and cleaniDg the bottom which are so essential to the preservation 
of all constructions of iron. I think, therefore, my lord, that this is par- 
ticularly, in a mercantile point of view, a very valuable invention, which 
deserves to be tried on a practical scale. 

Vice- Admiral De Horsey. My lord, I think Mr. Eennie would add 
very much to the interest of this paper if, in his reply, he would give us 
a few particulars as to the sizes of the dock, and, within £20,000 or 
£30,000 or so, of its cost. 

Mr. F. K. Babnes. My lord, I was in hopes that some gentleman 
more capable than myself would say something in regard to this dock. 
I do not know whether the dock would be a paying speculation or not, 
and that, it seems to me, would be a very important point to ascertain 5 
but, supposing that it were desirable to build a dock to effect the object 
aimed at, I feel quite sure that this plan would meet the requirements 
in the most economical manner possible. Large pumping power must 
be provided for cleaning the dock. That power Mr. Kennie has utilized 
to propel it along, and I think there is, so far as any one can see, from 
looking at it, and without going into the details, every reason to believe 
that he would get a fair speed — ^a speed sufficient to push her along. 
He names a very moderate speed of four knots, and I should think that 
would be quite attainable. I was under the impression that the area of 
the nozzle of the Waterwitch was about 7 feet ; perhaps Mr. Eennie 
could say! 

Mr. Eennie. It is 5^ feet. 

Mr. Barnes. I was under the impression that it was 7 feet, but I 
should think from the areas of nozzle that are obtainable — in fact, you 
could get very large nozzles here if you please, without increase of re- 
sistance — the speed would be exceeded. The method of working the 
dock, which is very similar to the dock at Bermuda, really leaves noth- 
ing further to be desired. The dock can be inclined by the large pump- 
ing power which pumps water into the upper compartments already 
provided for it. When inclined the under- water parts can be cleared 
and overhauled, and I think when it is made perfectly manageable it 
would be very economical, and the clearing could be done once a year 
without any difficulty. It is essential, whatever dock you have, that it 
should admit of being cleaned so that it might be properly taken care 
of. That is the more necessary in this case if you propose to move from 
one port to another. Whether or not it would pay, 1 am not quite clear. 
Of course the ports at which a dock like this could be used in war time 
would be limited. 1 believe it could only be used in our own ports or 
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the ports of oar allies, and all other ports would be blocked to it. At 
the same time I think, under certain circumstances, it would be of im- 
mense value for warlike purposes. I have nothing more to say, but 
that I think the dock and its working are quite practicable, and I should 
think it is about the most economical mode of effecting the objects 
aimed at that could be adopted. 

Mr. Standfield. My lord, I should like to make a few remarks on 
the subject of this dock which is now before us ; more particularly in 
regard to the careening for the repairs of the dock itself. It has j ust been 
stated that it appears to be an efficient way of getting to the bottom of the 
dock by careening it over in this way (illustrating), and that it is like the 
Bermuda dock. I believe the Bermuda dock has been erected upwards 
of fifteen years, and th^t they have careened it only once or twice in that 
time, because the process is so very dangerous; and I think, if I am any 
judge in this matter, that the dock shown on this diagram could not be 
careened so as to get at the center as shown on this diagram, and that 
it would be a very dangerous process, as the author of the paper re- 
marks, and would require great care and great knowledge of the laws 
of stability and displacement before it could be attempted. I think that 
a proof that it would be a very dangerous dock is, that the Bermuda dock 
has been careened only once, I believe, in that time. Mr. Barnes can 
tell us whether that is so, and how long it has to go out of use to be 
prepared for that careening. If it has to go out of use for a long time, 
several days, or a week, it is a serious matter, and I believe that is the 
case at Bermuda. I believe it takes a considerable time to prepare for 
it. My partner, Mr. Latimer Clark, read a paper here some time ago^ 
showing a dock that could be docked in two hours on an even keel, and 
which would not have to run any of the hazards and dangers of careen- 
ing, which there are in the case of this and of the Bermuda dock. It is 
evident if careening were a desirable thing, that vessels themselves 
might be careened. Now, there are several docks in existence which 
have never been careened, and their bottoms have never been examined, 
because there are no ready means of doing it. Again, with regard to 
propelling, it is quite evident that the engine power necessary to pump 
out the dock— even to pump it out in half the time that any dock was 
ever yet pumped out in — would want quadrupling to propel it at any- 
thing like five knots an hour. If the same engine power were put on 
the screw propeller the shafts that lead to the chamber would be made 
to gear to the screw propeller, and could propel the vessel twice as fast 
as it could possibly be done with water jets. I do not think that water 
power is to be thought of for a moment for the purposes of a sea-going 
dock. There is no doubt that, for the purposes of a sea-going dock, twin 
screws would be much more efficient than water propulsion. The pos- 
sibility of careening such a dock is very doubtful ; the sides should be 
higher and the dock more of the shape of the Bermuda dock to be ca- 
reened. I do not consider this dock as nearly as good in shape as the 



218 

Bermuda dock for careening ; this dock is shown as .being provided 
with long projecting ends similar to our self-docking dock, but as these 
ends have no corresponding portion of sides they must necessarily de- 
prive a dock of this shape of much of its careening power. A dock that 
requires careening would not be anything like such good value for money 
as a dock that could lift its sides and bottom in turn out of the water 
on an even keel whenever necessary for cleansing and painting. It 
must, moreover, be borne in mind that the sides of this dock could not 
in any circumstances be brought into action to increase the lifting power 
of the»dock, as is the case with the self-docking floating dock. 

Mr. G. B. Kennib. My lord and gentlemen, I have to thank Mr. 
Liggins and Mr. Barnes for the kind way in which they have said that 
the dock, as far as they have seen the thing, is a practical and econom- 
ical and useful apparatus. Admiral de Horsey asked me a question 
about the size and cost. I give the approximate size in the paper, viz, 
it was for vessels of 4,000 tons and 350 feet long. It would lift a vessel 
such as the fast cruisers that are now being made, that is, vessels of 
4,000 tons weight and 350 feet long could be easily docked in a dock of 
the size there mentioned. Mr. Standfield seems to think that careening 
is a very dangerous matter ; in fact, if I understood him rightly, he said 
also that I said so in my paper. I think, if he reads my paper, he will 
see that that is not what I say. I said that the calculations of the 
weights, and the form of the dock, and the center of gravity had to be 
carefully made in designing the dock — not careening it, there is little 
difficulty in doing that with satety. Then he thinks, also, that in con- 
sequence of the Bermuda dock having been docked only once or twice, 
and the operation being very slow, it was a very dangerous and unde- 
sirable thing to do in any future docks. How many times the Bermuda 
dock has been docked I do not know. I believe the operation is very 
slow — that it is not from the danger of doing it that it has been done so 
little, but it is from the fact that the pumping, or the means of filling 
these chambers, is a very slow process, and it takes a long time to do it. 
The exact time I do not know, but here, in the case before us, the diffi- 
culty is got over by having very large pumping power, which fills the 
chambers in a very short time. I calculate that the careening ought to 
be done very easily, so far as the pumping is concerned j it could be 
pumped up in half an hour. I do not presume that the water could be 
run out and the dock cleaned in that time, but the dock heeled over on 
one side, which might be cleaned, and then the same operation would 
have to go on for the other side. Then with reference to what Mr. 
Standfield said about screws. He believes the screw propeller would 
be a far more advisable propeller than the water-jet propeller. He may 
know more about that than I do, but, as far as my calculations go, I 
think it would be very difficult to apply screw propellers. I do not know 
how, in a dock of such a form as proposed, you could put a screw pro- 
peller advantageously, and if you have the same propelling area in the 
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form of the water-jet, or screw, or any form you like, you have the same 
means of propelling with the same pressure, and it seems to me you are 
likely to get the same speed with the same propelling power. There 
may be some little difference in friction, but I doubt whether at the slow 
speed there would be. Then there has been mentioned the case of the 
Waterwitch, where it was compared with a similar vessel ; the speed 
compared to the power was less in the Waterwitch tUan in her sister 
vessel propelled by twin screws, as mentioned in the paper. To any- 
body who goes into the matter, I think it is clear that the reason of that 
was the small size of the jets of water which propelled the vessel along. 
This view is confirmed on referring to the propelling areas. In some of 
the trials made in the Waterwitch the area was reduced, and when the 
area was reduced for the same power the speed fell off considerably. 
The converse of that is this : That if you increase the area, taking no 
other view than that, the chances are that you would have got a higher 
result rather than a less result in power compared to speed. Mr. Stand- 
field also mentioned the question of lifting the dock with a flat bottom ' 
as being preferable to careening. Ko doubt if you have a flat bottom 
dock it is, but there are two or three ways of doing it. Mr. Standfield 
has one plan. The plan we adopted at Garthagena is shown on those 
photographs before us. That dock was built first of all in a shallow 
basin. The use of the basin was enlarged afterwards, so that now we 
have a further use for the basin, that is, the dock will go with the vessel 
on it into this basin, and a vessel can be hauled in a horizontal line 
from the dock to the ship, so that the same floating dock for lifting is 
available for seven ships of 300 feet long each. I do not know that 
there is anything else to say, except to thank you for the kind manner 
in which you have received my paper. 

The President. It only remains for me to thank Mr. Eennie, on 
your behalf, for his very valuable paper. 
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